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PREFACE 


The expedition to the Karakorum range which, during the summer of 
1954 conquered K’ (8611 m) — the second highest peak in the world — had, 
according to Italian tradition, a scientific as well as a mountaineering objective. 

Besides the ascent of K*, the programme of the expedition included re- 
search and study on the Geography, Geophysics, Geology Anthropology 
and Ethnography of the area. Also, a small collection of specimens of local 
flora and fauna from elevated heights was occasionally made. 

The expedition was carried out in three campaigns. A preliminary re- 
connaissance was made by myself with a guide (R. Cassin), during the sum- 
mer of 1953. The main stage followed in 1954 and lasted six months; it was 
carried out by an Italian team of four scientists (Professor Paolo Graziosi, 
Antonio Marussi, Bruno Zanettin, Captain Francesco Lombardi, topogra- 
pher, and myself, and a physician G. Pagani), eleven climbers and a photo- 
grapher; a medical and liaison-officer (Colonel M. Ata Ullah) and an assitant 
surveyor (Bad Shah Jan of the Survey of Pakistan), both from Pakistan, also 
joined the staff. 

The scientific research was continued in the 1955 campaign which last- 
ed about three months. The team this time consisted of three Italian 
scientists (Graziosi, Marussi, and myself) and three Pakistani assistants (N. 
M. Khan of the Geological Survey of Pakistan, M. Azizullah of the Survey 
of Pakistan, and Javed, a student at the University of Lahore). 

The territory examined during the first campaign is to be found between 
the upper course of the Indus river, from Skardu as far west as the Stak 
valley, and the principal ridge of the Karakorum to the north. However, 
some reconnaissance was carried out westwards as far as Hunza and Gilgit 
and eastwards as far as Bagicha. The territory covered in 1955 lies between 
the Gilgit area and Chitral. 


VIII PREFACE 


A new scientific campaign was organized by myself during the summer 
of 1961 in order to explore geologically the Wahan territory, and to extend 
westwards the geophysical observations. I was accompanied by Professor 
Marussi and two assistants (Giorgio Pasquaré and Ercole Martina) and by 
an Afghan geologist (Ajruddin). 

Whereas the geophysical programme was carried out in its entirety, the 
geological one was reduced to the survey of Central Badakhshan, for the ex- 
pedition was not allowed to cover Wakhan. Fortunately that area revealed 
itself to be animportant geological knot for interpreting the tectonic connec- 
tion between the Pamir structures and those of the Karakorum and Hindu 
Kush ranges. 

In order to complete the geological research over an area which had 
been omitted from the itineraries of previous expeditions and to clear up a 
number of unsolved problems of its stratigraphical geology, I organized in 
1962 a further campaign to the Western Karakorum with two assistants (Er- 
cole Martina and Roberto Galimberti). The territory covered this time is 
to be found between the Chogo Lungma and the Sosbun glaciers, and the 
upper valley of the Hunza river. 

Two other light expeditions were undertaken by myself in 1970 with an 
assistant (Giuseppe Orombelli) along the middle Indus valley from Gilgit to 
Besham Qila following the Karakorum High Way still under construction. 
Later on, in 1972, I visited alone the Gilgit and Indus valleys between Gil- 
git and Skardu, and the Stak valley. This journey was devoted to check the 
Kutiah glacier which in 1953 was subject to an exceptional progress of its 
front (about ten miles in three months) and in 1954 was photogrammetrically 
surveyed by the topographers of the expedition. 

Some preliminary reports were published in the last ten years to an- 
nounce the main results obtained from the above mentioned geological and 
geophysical explorations, but the subject of these reports was and will be 
largely treated in the volumes of this collection. 

The geological results of the 1961 expedition to North-eastern Afghan- 
istan are contained in the present volume which was mostly written by 
myself toghether with Martina and Pasquaré; but other scientists collabo- 
rated in it like Piera Spadea Roda for the Lake Shiwa area, Maria Bianca 
Cita and Isabella Premoli Silva for the microfossils and microfacies, and 
Carla Rossi Ronchetti for the megafossils. 


PREFACE IX 


One volume of the present series (IV-2nd) published in 1970 is devoted 
to the illustration of the fossil faunas collected by my 1961 expedition in Ba- 
dakhshan, Kataghan and Mazar-i-Sherif. 

Other collaborations were kindly offered by Piero Guj for the Wakhan 
and Riccardo Varvelli for the fossiliferous localities of the Wuran Shar pass. 

To all my collaborators my heartly thanks. 


ooo 


I want to express here my thank also to the Afghan Ministers of Foreign 
Affair, Education and Mining who offered their assistance to the expedition 
in the bureaucratic arrangements. I want also to remember the kind collab- 
oration offered to our expendition by the officers and particulary the head of 
the Afghan Geological Survey who supplied us with topographic maps of 
Badakhshan and joined Mr. Ajruddin as assistant to my expedition. 

I am also indebted to the Italian Ambassador in Afghanistan H. E. Fol- 
co Trabalza for his kind hospitality in Kabul and his valid assistance in ob- 
taining the permit for our journey. In my heartly thanks I would like in- 
clude also the officers of the Italian Embassy who helped us in the local ar- 
rangements for organising our travel in the country and for sending to Italy 
the numerous samples collected during our field work. 

Ardito Desio 
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I. INTRODUCTION 


1. GEOGRAPHICAL OUTLINE OF BADAKHSHAN. 


The name of this region was well known to Marco Porto who visited 
« Balaxiam » (as he called it) in 1273 ('), but then its boundaries did not cor- 
respond to those of today. Today Badakhshan is an administrative district 
ruled by a Governor General (Fig. 1), who also controls Wakhan. This is 
the corridor about 300 km long extending east-west, dividing north-eastern 
Pakistan from Pamir (URSS) and communicating eastwards with China. 

Present day Badakhshan is bounded for about half of its perimeter by 
the Amu Darya (*) between Ishkashim and Daung. The river divides it 
from Tadzhikistan to the north-west, and from Pamir (the eastern part of 
the Tadzhiks Republic) to the north-east. To the south-east and south the 
watershed of the Hindu Kush chain marks the boundary of Badakhshan: 
that is the political boundary, about 60 km long, with Pakistan, and the 
administrative boundary with the Eastern Province (Nuristan). 

At the Anjuman pass the administrative boundary bends directly north- 
wards and without following any geographical feature reaches the Amu 
Darya near Samti, dividing Badakhshan from the province of Kataghan. 

Thus bounded, Badakhshan, without Wakhan, is roughly oval in out- 
line with its major axis oriented parallel to the meridian, about 320 km long 
and its minor axis 140 km width. The lower course of the Kokcha river, 
and one of its tributaries, the Warduj river, divide Badakhshan into two 
parts, that is northern and southem Badakhshan. 

The area of Badakhshan is about 50.000 km’ and Wakhan a further 
10.000 km? (HuMtumM 1959). 


(1) During the first half of 1300, Badakhshan was travelled by another Italian, the missionary 
BEATO Oporico da PORDENONE. 

(2) Darya means river. The old name of the river was Oxus. Upstream from Kokcha confluence 
the local name of the river is Panj or Pianj. 
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GEOGRAPHICAL OUTLINE OF BADAKHSHAN 3 


The geographical coordinates of the province of Badakhshan are 35°28’ 
and 38°20' Lat. north, and 69°54’ and 71°4U' Long. east of Greenwich. If the 
Wakhan corridor is added it extends as far as 74°45’ east. 


Almost all of Badakhshan is mountainous with the lower part at an alti- 
tude of 800 m above sea level and the highest peaks over 6000 m in the Hin- 
du Kush range, rising to 6843 m in Koh-i-Bandaka, in the south. In the 
unexplored area included in the great bend of the Amu Darya, there are 
peaks over 5000 m; the highest attains 5814 m a.s.l. 

In this part of the country the landscape exhibits the main features of 
a residual plateau which is extensively dissected by wide valleys in the up- 
per part and by narrow, deep ravines below the plateau margin. 

The information received from the inhabitants indicates that precipita- 
tion is very scarse and limited principally to the winter, probably it is great- 
er in the highest regions because we encountered short periods of drizzle 
rain in August at various altitudes. 

The presence of glaciers testifies to the fact that above 3000 m, preci- 
pitation is more abundant, chiefly in winter. At Zebak, we were told that 
in general it does not rain and precipitation is only in the form of snow in 
winter. 

The temperature varies widely from summer to winter, and diumally, 
however, we have no precise data available. 

The winds too are unknown, but we encountered both mountain and 
valley breezes which sometimes blew with remarkable strength. 

Generally the sky is cloudless but when there is a wind the atmosphere 
is turbid with dust because the loess deposits are swept into circulation. 

The hydrography is very irregular. Apart from the Amu Darya, that 
flows along the northern boundary of Badakhshan, the principal river is the 
Kokcha, tributary of the Amu Darya, which with its own tributary, the War- 
duj, drains the southern two thirds of Badakhshan, except for Wakhan. 
The western part of Wakhan is drained by the Amu Darya and its left 
bank tributaries, which flow from the northern slopes of the Hindu Kush. 
Farther upstream the upper Amu Darya originates from the confluence of 
the Pamir and Ab-i-Wakhan rivers. 

The political boundary with the Pamir province of the USSR is along 
the Pamir river. 

Lakes are scarce in Badakhshan, and are mostly of cirque type. The 
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only one of considerable size is Lake Shiwa, 13,25 km? in area, near the 
eastern border of Badakhshan. It is tributary of Amu Darya. 

The northern slopes of the Hindu Kush are rich in glaciers which cover 
the heads of the highest valleys. Small glaciers are also found in Northern 
Badakhshan, sheltered by the highest peaks in that area. 

The main road in Badakhshan leads from Kataghan to Faydzabad, and 
extends from there east to Zebak and Wakhan. Near Baharak another road 
branches to Jurm and follows the valley of the upper Kokcha river for a 
considerable distance. All the other lines of communication are tracks 
which are often impassable. At present northern Badakhshan has no roads 
suitable for vehicles. 

The resident population of the region is about 400,000 people made 
up mainly of Tadzhiks of Iranian origin and Uzbeks of Turkish origin. Peo- 
ple of the first racial group are the most abundant. The Tadzhiks are the 
oldest inhabitants of Badakhshan since the Uzbeks invaded the area in the 
16th century. 

The capital of Badakhshan is Faydzabad, a town on the right bank of 
the Kokcha river about 1200 m above sea level. It has a population of 
25,000 and is the seat of the Governor General. Minor centres are Jurm on 
the upper Kokcha river, 1560 m above sea level, and Zebak at 2700 m, on the 
road to Wakhan. 


2. THE AREA EXPLORED. 


The territory visited by the Italian expedition in 1961 to North-East Af- 
ghanistan under the leadership of Professor Arpiro Desio, can be divided 
into two areas, from the point of view of geological research. 

The central area, in which the research was concentred and for 
which a geological map was prepared on a scale of 1:50,000, and 

The peripheral area, where rapid traverses and isolated strati- 
graphic studies were made. 

In Badakhshan, however, the area investigated in detail was only the 
central area, that is between 36°31’ and 37°20’ north Lat. and between 69° 
30° and 70°15’ east Long. of Greenwich while the outer area in which only 
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occasional isolated research was undertaken lies between 35°50’ and 37°30’ 
north Lat. and between 67° 00' and 71° 25' east Long. of Greenwich. 


East of the central area must be added the geological research accom- 
panied by geological mapping on a scale of 1:50,000 in the Shiwa lake ba- 
sin situated at an average latitude of 37°25’ north and an average longitude 
of 71°15’ east of Grenwich. Another excursion was made as far as Zebak 
to the south-east of the central area, to the Hindu Kush, the eastern limit 
of the area we were permitted to visit. 


A much wider area of local research was covered to the west. Occa- 
sional observations were made along the route which crosses Kataghan be- 
tween Kunduz and the western border of Badakhshan with research and par- 
tial geological mapping in the area of Ambar Koh and around Ali Abad. 
Further to the west stratigraphic research and fossil collections were made 
along the route from Kunduz to Mazar-i-Sherif, and in particular around Shi- 
boglu Kotal and Tashkurghan. 


Towards the south, our expedition had as the occasional goals local stra- 
tigraphic studies along the route Kunduz — Pull-i-Khumri — Barfak with 
the survey of local stratigraphic sequences near the lignite mine of Karkar, 
around Pull-i-Khumri and Barfak. These latter two localities were visited in 
1955 by Desto (1966). 

Along the route which leads to Kabul, however, samples of plutonic 
rocks from the Hindu Kush were collected for to be examined geochemically 
in order to discover their age (DEsio, FERRARA, Tonciorct 1964). 


The area indicated above refers only to that visited for geological stud- 
ies. A much wider area was explored geophysically and this is referred 
to in one of the next paragraphs. 


3. A BRIEF HISTORY OF THE EXPEDITION. 


This expedition like the preceding two much shorter visits in 1954 and 
1955 made by the leader of the expedition had as their primary purpose a 
geological study of the western part of the Hindu Kush mountain chain. 
Our initial programme was concerned with the study of the northern side 
of this chain which is bounded on the north by Wakhan, considering the fact 
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that we were not permitted to cross the tract of country which follows the 
boundary between North-West Pakistan and Afghanistan. 


The choice of the area for geological studies was suggested by the desire 
to complete the research carried out by Desio on the southern side of the 
Hindu Kush during his expedition in 1955 (Desio, 1961), Gravimetric and 
magnetic measurements were made in order to extend towards the west the 
net of measurements which were taken in the Karakorum area during the 
expedition to K? which was lead by Desio. These are treated in vol. 1 
ser. II of the present collection. 


In 1955 Drsio made a purely reconnaissance visit to northern Afgha- 
nistan reaching as far as Kunduz, in Kataghan, with the scope of gaining 
knowledge of the local logistical problems and the practical necessities for 
organising a journey in the north-eastern part of the country. For various 
reasons this expedition was postponed from year to year. 

In the meanwhile the data collected during the expedition in 1955 was 
coordinated and united in a report which presented certain new features 
distinguished in the area visited, without the pretence of presenting substan- 
tial progress in the general knowledge of Afghanistan. 

Finally in the winter of 1960-1961, through the Italian Ambassador in 
Kabul, a request was made to visit the north-east part of Afghanistan. As a 
result of a certain delay in the preparations for the journey and in obtaining 
the necessary permits we were obliged to abandon the idea of reaching Ka- 
bul by sea through Karachi and then Peshawar. We used therefore the air- 
lines which link Milan to Teheran and after a brief stay in Iran we reached 
Kabul by using the local airline. 

On the 20th July 1961 the members of the expedition disembarked with 
their equipment at Kabul airport. Apart from the expedition leader Pro- 
fessor Arpiro Desio, these included Professor ANronio Marussi of Trieste 
University, the expedition geophysicist, Dr. Gioncio Pasquarr and Dr. En- 
coLE Martina geologists, both Professor Drsio’s assistants. At Kabul we 
were joined by Mr. Ayrupptn, a geologist of the Afghan Geological Survey. 

In Kabul the Italian Embassy, headed by the Ambassador Fotco Tra- 
BALZA, put itself at our disposal to facilitate our local organisation and ena- 
ble us to continue our journey into the interior. We needed to complete 
our stocks of food, to obtain three jeeps for about two months and above all 
to obtain valid permits to enter Wakhan Thanks to the valuable assistance 
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of the Embassy staff, the organisation of our expedition was rapidly com- 
pleted, however it took a long time to obtain permits to enter Wakhan. In 
spite of Ambassador's personal efforts and the helpful assistence of the 
Afghan Foreign Affairs Ministry, the Ministry of Education and the Ministry 
of Mining, we had to wait three weeks in Kabul before been able to set out 
on our journey. 

The permit to enter Wakhan was not granted, thus we had to limit our 
studies to a part of Badakhshan which we were allowed to visit extending to 
about ten miles from the border with Tadzhikistan. If at the time the re- 
nunciation of our visit to Wakhan was a disappointment we found out later 
that the political constraints had made us devote our researches to an area 
of much greater geological interest. As we shall see in fact during the course 
of the present study, Badakhshan represents a key area which clarifies 
many geotectonic problems, which Wakhan certainly could not have of- 
fered. 

However on the 2nd August we left the capital with three locally hired 
landrovers and headed northwards. We followed the route from Kabul 
through the Shibar Pass, Doab, Pull-i-Khumri and Kunduz, about 514 km 
and the night of the 4th August we pitched our camp at Faydzabad (247 km 
from Kunduz), the main town of Badakhshan, 1200 m above sea level. 

After making essential local contacts, on the 12th August the geological 
group started immediately a reconnaissance of the neighbourhood, while 
MarussI set out in a landrover for the Jurm valley, the Daran pass and Nu- 
ristan in order to carry out the programme of gravimetric and magnetic 
measurements along transverse lines across the axial trends of the mountains. 
PasquaREs studies were directed in particular to the mapping of the areas 
composed predominantly of crystalline rocks, Martina to the areas of sedi- 
mentary rocks, while Desio helped either one or the other, during the geolo- 
gical mapping, in order to direct the identification of the various formations, 
or preceded his collaborators towards the same end. This method of work- 
ing was imposed also by the fact that we only had one series of topographic 
maps on a scale of 1:50,000 at our disposal, which were generously supplied 
by the Afghan Geological Survey. These maps however did not cover all 
of Central Badakhshan, thus our geological mapping was concentrated in 
the area of the available maps, as one can deduce from the particular shape 
of our geological map at 150,000 scale included in this volume, 
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Another limitation on our work was determined by the scarcity of 
roads suitable for motor vehicles, thus we tried, wherever possible, to remain 
close to the only motorable road existing at that time in Badakhshan, that 
is the one linking Taluqan with Faydzabad and the latter with Zebak and 
with the upper valley of Jurm. In fact leaving this track the only lines of 
communication were represented by caravan routes, and paths negotiable 
by horses and mules. On foot and with these means of transport the area 
north, north-east and east of Faydzabad as far as Lake Shiwa and that si- 
tuated of the road from Kishem to Farkhar was mapped. 


On the sketch-map on fig. 1 are indicated the traverses made by the 
geologists during the course of their work which was finished at the end of 
September. 

Unfortunately an unpredicted political incident interrupted our field 
studies. A diplomatic incident between Afghanistan and Pakistan which 
happened during the second half of September caused restrictive measures 
to be taken by the Afghan government especially in connection with petrol 
supplies. The measures caught us unprepared and as a result we were forced 
to change our programme immediately and try to return to the capital 
somehow to avoid an eventual worsening of the political situation which 
could have forced us to remain in the interior, separated as we were at that 
time, from each other. The order to return to Kabul, which the expedition 
leader was forced to give, enabled all the members to return to the capital 
in a relively short time, where it was discovered, that among other things 
the frontier between Afghanistan and Pakistan was closed. 

Our programme to return with all the material collected via Peshawar- 
Karachi was yet again abandoned and we were forced to organise the trans- 
port of men and material by air, which was economically more onerous even 
if quicker. 

Thus, having exhausted the Jaborious arrangements which preceded the 
departure, on the 5" October we left Kabul airport and after a brief stay in 
Teheran to transfer the collections from one airline to another, the expedition 
returned home on the 7" October. 
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4. GEOPHYSICAL RESEARCH. 


This is not the place to present the detailed results of geophysical re- 
search undertaken by the expedition, but they should be discussed here brie- 
fly because of the great interest this research has in particular for an inter- 
pretation of the regional tectonics. 

It was for this reason among others, that Professor A. MARuUSsI was 
asked to participate not only in the 1961 expedition in Badakhshan, but also 
in two previous Desio’s expeditions (1954 and 1955) to the east, in the Ka- 
rakorum (Maruss1, 1963, 1964). 

Gravity — Before the Desio expedition in 1961 no gravimetric de- 
terminations had been made in Afghanistan. For this reason preliminary 
results were based on a link of a known gravimetric station and a chosen, 
easily accessible, locality (near Kabul). This gravimetric station was adop- 
ted as a starting point for relating all the determinations made during the 
expedition’s course. The instrument used was an accurately adjusted Wor- 
den gravimeter. 

The selected gravity station, situated at Mehrabad airport, is named the 
«Iranian National Gravity Station », to which the value of g = 979.447,400 
mgal has been attributed. This value is derived from numerous links with 
European and American base stations established in the past by numerous 
observers. The choice of Teheran was the result not only of the good gra- 
vity values obtainable there, but also of the fact that the air link between 
Teheran and Kabul is served by a rapid air service. The gravimetric link 
between the stations at Teheran and Kabul was assured by return flights 
with intermediate stops at Zahedan and Kandahar, where it was also possi- 
ble to determine the relative gravity. 

The base station in Afghanistan was established in Kabul, to be precise 
on the verandah on the eastern side of the Afghan Geological Survey in the 
Dar UI! Aman suburb. The value determined was g = 979.123,820 mgal. 

The subsequent survey was made along two closed traverses and along 
certain subsidiary lines with a total extent of about 1750 km. The first 
closed traverse was undertaken during the first phase of the campaign. Lea- 
ving Kabul it crossed the Hindu Kush range from south to north along the mo- 
tor road from the capital to Doab, Pull-i-Khumri, Kunduz and Faydzabad. 
From Faydzabad it followed the mule trail and the rough paths which again 
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cross the Hindu Kush range passing through Mazar Shah Khusrau, the We- 
ran pass, Wama, ending at Kandi Alakadari where a motorable road re- 
turns to Kabul passing through Chiga Serai, Jalalabad and Sarobi. 


The second closed traverse again started in Kabul, passing through Ba- 
mian, Band-i-Amir and Panjao and returning to Kabul, following through- 
out the motorable roads. 

The supplementary trasverses started in the first case from Doab and 
extended to Hajar; another started from Faydzabad and ran as far as Zar 
Khan (Zebak); yet another originated at Kabul and ran as far as the Zinia 
Alakadari in Panjshir; and the last line was from Kabul to Ghazni. 


All together 63 observation stations were established and were well dis- 
tributed along the routes described above, forming therefore a rather dense 
net in the north-eastern part of the Afghanistan Hindu Kush. 


At all the 63 gravimetric stations the altitude was determined using 
Thommen geodetic altimeters, thermobarometers and other accessory in- 
struments. At the same stations measurements of the Earth’s magnetism 
were also made (see below). 

The result of the gravimetric measurements are presented in a study by 
Marusstr (1963) together with a discussion and coordination of the results 
with those from previous expeditions. A synthesis on two maps of the Bou- 
guer anomalies and the Airy isostatic anomalies for a vast area which natu- 
rally includes eastern Afghanistan is also presented. 


Macnetism. — In the course of the 1961 expedition, the magnetic obser- 
vations made in the Karakorum range at the time of the 1954 and 1955 De- 
sio's expeditions, have been extended to the western Hindu Kush area. 

As we have amply illustrated in a previous volume (Marusst, 1964), the 
aim of the magnetic survey was to extend the existing surveys to the unex- 
plored areas of the Karakorum-Hindu Kush region the repetition of as many 
as possible of those stations already observed in the past, in order to deter- 
mine the secular variations of the magnetic field, and the production of a 
general map including all observations so far made in the region, so as to 
contribute to the geophysical interpretation of the geology of the country. 
In all expeditions of 1954, 1955 and 1961, the vertical component Z and the 
horizontal components H have been observed. Observations of declina- 
tion have also been made in 1961 in the Chitral and Gilgit area. 

All magnetic observations carried out in 1954 and 1955 are referred to 
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the Repeat Station Rawalpindi 1955.0, and have been reduced to this epoch 
by using the data supplied by the Magnetic Observatory at Quetta (Paki- 
stan); the computed anomalies are referred to the « undisturbed field » as 
given by the Survey of India (’). 43 stations have been observed in 1954 
in the Karakorum, and 26 in 1954 in the Chitral-Gilgit area. The results 
of the observations made, are synthetized in two maps published (Marusst, 
1964) showing the vertical force and the horizontal force anomalies, in 
which an attempt has been made to include all data available from previ- 
ous observations. 

The magnetic observations of the 1961 expedition are referred to the 
Amirabad Station of the Magnetic Observatory of the University of Tehe- 
ran (Iran); we are glad to express on this occasion our gratitude to its direc- 
tor, Professor H. K. Arsuar, for the kind assistance he has always estend- 
ed to us. 

The reduction of the observations to epoch 1955.0 has been carried out 
using the data supplied by both the Amirabad and the Quetta Observato- 
ries. 23 stations have been observed in 1961, along the routes shown in fig. 
1. The fundamental station in Afghanistan was established in a field in 
front of the building of the Geological Survey near Kabul. 


5. GEOLOGICAL KNOWLEDGE PRIOR TO DESIO’'S 1961 EXPEDITION (?). 


If the words « geological knowledge » are given a wider than usual 
meaning, to Marco Poto can be attributed the first information on the coun- 
tries mineral resources. 

« On the province of Balazian, and the precious stones there found, 
called Balasci », is the introduction to the chapter of Il Milione in which he 
refers to the territory studied by us. 


Apart from the balas-rubies, which were mined on the right bank of the 
Amu Darya, outside the limits of present day Badakhshan, Marco Poo 


(1) Guvatee, B. L. - Charts of Declination, Horizontal Force and Vertical Force for Epoch 1953. O 
and Magnetic Anomalies (India, Pakistan and Burma). «Survery of India - Technical Paper », 
n. 7, 1954. 

(2) OF the publications which have appeared successively, notes will be given during the course 
of the work, as the occasion arises, 
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spoke of lapis-lazuli and other minerals stating that « there are also moun- 
tains where the veins of stones from which the best blue in the world is 
found occur, together with other veins which produce silver, copper and 
lead ». 

As well as this information which dates back to the 18" century and 
other vague references during the following centuries, only during the first 
half of the last century do we find some mining data, which gives details 
of the lapis-lazuli mine in the upper Kokcha valley (J. Woop, 1841), a mine 
well known since ancient times. The first real geological information on Ba- 
dakhshan was given in a short paper by J. Barruoux (1929) who visited the 
region during that year. He states ("): « Le Badakhshan est gneissique au 
centre et A ]’Est, constituant ainsi le prolongement de !'Hindou-Kouch. 

Les gneiss s‘etendent a Ouest jusqu’a Kala-Yaoun et au Nord, ils ne 
dépassent pas Kala-Oumar. Leur bordure Nord et Ouest est formée de schi- 
stes verdatres azoiques, mais dans le Daoung se retrouve le dévonien du col 
d’Hadjikak. De 1a et sur la bordure occidentale du Roustak s’etendent les 
grés redressés de Sioualik (miocéne), grés grigeatre, sel et poivre, avec inter- 
calations fréquentes de conglomérats. Cés grés sont trés relevés, jusqu‘a 70°, 
de direction N 75° E et pendent au SSE. Dans le Tahdi-ab, ils deviennent 
horizontaux. Aux environs de Roustak, ils couronnent stratigraphiquement 
des formations anciennes dont je n'ai pu déterminer lage. 


Dans le gneiss apparaissent des grands bancs de cipolins trés minerali- 
sés et qui suivent les plans de gneissification. On y trouve géneralement des 
spinelles et de la phlogopite en abondance ». 

BartTHoux also recorded the Japis-lazuli deposit in the upper Kokcha 
valley and provides mineralogical details in other publications during 1933. 

The most important geological report on Badakhshan prior to the De- 
sios Expedition in 1961 was published in 1935. This was the paper by K. 


(1) « Badakhshan is gneissic from the centre eastwards, thus forming an extension of the 
Hindu Kush. 

The gneiss extends as far west as Kala-Yaoun, and to the north it does not extend beyond 
Kala-Oumar. The northern and western limits are formed of unfossiliferous greenish schist, but 
in Daoung the Devonian is found on the Hadjikak col. From there and on the western limit of Roustak 
steeply dipping Siwalik sandstones (Miocene), greysh, speckled sandstones, with frequent conglome- 
rate intercalations extend. These sandstones are steeply inclincd up to 70° striking N 75° E and dip- 
ping to the SSE. In Tahai-ab they become horizontal. Around Roustak they are surrounded stratigra- 
phically by older formations the ages of which are unknown. 


In the gneiss thick heavily mineralised beds of cipolins are present which follow the layers of 
oneicsification CQGenerally enine!l and nhilngnnitea are faiwnd in anhnundance wv 
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Brickxt on Badakhshan and Kataghan. Brtcxt discussed Badakhshan in 
about twelve pages, dividing the content into areas following various rou- 
tes: 


a) The Kokcha valley from the Anjuman pass as far as Faydzabad, 


b) The region between the Kokcha river and the Amu Darya (Warduj- 
Zebak - Ishkashim - Wakhan - Zardew), 


c) Faydzabad and the boundary with Kataghan. 


The area partially surveyed by Brwcxt lies south of the parallel through 
Faydzabad and extends from the Amu Darya, between Ishkashim and Andaj, 
as far as the western boundary of Badakhshan. The region beyond the area 
mentioned above is blank. 

The stratigraphical sequence recorded by Brtcxi in Badakhshan can 
be summarised as follows: From the top: 


a) Tertiary conglomerates, 

b) Red Grit series, 

c) Ghordand and Helmand series, 
d) Calcareous shales series, 

e) Serpentine, 

f) Wakhan slate. 


Among the igneous rocks BrUcKL mentions granites and diorites near 
Baharak (Bohrak) and in the upper Anjuman valley, where they form the 
« Central massif of the Hindu Kush». According to the same author the 
major part of the territory between the Kokcha river to the west, and the 
Amu Darya to the east, is composed of the calcareous schist series. This 
is chiefly composed of quartz-hornblende schist, black staurolite slate, gneis 
and marble, all crossed by numerous granite intrusions. Serpentines are lo- 
cated getween Zebak and Ishkashim, the Ghorband and Helmand series in 
the Anjuman valley, where the Red Grit series (red conglomerates) is pre- 
sent also. This series is indicated again at the contact with the serpentine 
outcrop mentioned above. Wakhan slate is present in the Kokcha valley 
downstream from the confluence of the upper tributaries of the Kokcha riv- 
er, the Ab-i-Anjuman and the Ab-i-Munjan. 

Bricxt mentions a diabase intrusion which has folded and _ strongly 
compressed the crystalline slates. On a subsequent page he speaks of in- 
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tense folding in the calcareous schist series. An impressive line of tectonic 
disturbance is also mentioned between the Anjuman pass and the confluence 
on the Kokcha river. 


Subsequently he mentions that along the road between Faydzabad and 
Talugan, west of Chenar-i-Gunjeshkan, the boundary of the region com- 
posed of sedimentary deposits occurs. These rocks are limestones, conglome- 
rates, sandstones, marls and siltstones. Brick also records salty water. 


He also describes the saline series of Namakan, that is in Kataghan. He 
found no fossils in the territory surveyed by us, so that all the chronostrati- 
graphic attributions were deduced by comparing his stratigraphic units with 
the fossiliferous series of Haypen (1911) and are described by Haypen in a 
table at the end of Brucxu’s paper (HaypEn 1935). 

Bricki states that he did not find marks of Quaternary glaciers during 
his travels, not even in the upper Kokcha drainage basin, where he pointed 
out the presence of a lake formed by a landslide, a few kilometres down- 
stream from the confluence of the Ab-i-Anjuman and the Ab-i-Munjan. 


The above mentioned works contain the only really interesting geologi- 
cal data on Badakhshan before our survey of 1961. 

We have to add to this knowledge a very short report, but accompa- 
nied by numerous sketch-maps, of H. Sawara, who participated as geologist 
to the Japanese mountaineering expedition in 1960 to Mount Noshaq (7490 
m), in Hindu Kush (Sawata, 1962). We did not know about Sawata’s re- 
port until later; it will be mentioned when the subject is dealt with in the 
following sections. The itineries followed by Sawata in our region, and 
mentioned in his report are: a) Faydzabad-Baharak-Shiwa lake; b) Baharak— 
Zebak—Ishkashim. Then he explored the Wakhan as far as Qaz Deh and the 
tributary valley coming from Mount Noshaq. He did not collect any fos- 
sils in this region, so that the age of the formations remained unknown. To 
the Cenozoic was (possibly) attributed the « Zebak conglomerate » and the 
« Dasht-i-Amani alternation » of the area between Faydzabad and Kishem. 
This is « a formation of monotonous alternation of sandstone and mud-stone 
containing drift wood and mammalian bones... This formation is supposed 
to be several km or more thick, and its age is supposed possibly of Pliocene— 
Pleistocene, though no fossil of a decided age has yet been found. A syn- 
clinal axis plunging to the south is known in the formation at the mouth of 
the Teshkan river ». 
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This formation corresponds to our Kokcha Formation and, for the most 
part, to the Ghelawuk Member of it. Much more information conceming 
the Pleistocene deposits are contained in Sawata’s sketch-maps. We will 
report them when we deal with this subject. 

We know of no other geological reports on Badakhshan, but many Rus- 
sian authors who have studied Pamir mention Badakhshan even if they do 
not refer to surveys that they have made in the region. 


We do not know the Russian geological literature well enough to be able 
to exclude the possibility that a report of this kind could exist. The only 
report of which we were aware in 1961, was a paper by D. Natrvxr (1932) 
in which Badakhshan was referred to in the title. 

Finally it should be remembered that the Afghan Geological Survey 
gave us an unpublished schematic geological map of a part of Badakhshan 
on a scale of 1:250.000, prepared by a French team during a survey for ra- 
dioactive minerals. The map records: « Calcaires metamorphiques, Zone de 
Schistes, Zone de Gneiss, Amphibolites, Migmatites, Granulite orientée ». 

These works are the only sources of geological information we consulted 
before carrying out our survey. The publications which appeared subse- 
quently will be mentioned in the text as the occasion arises. 

However we must state here that in the long period during the prepara- 
tion of this volume and its delivery to the press we have considered it advi- 
sable to bring to notice certain results of particular importance for the know- 
ledge of Badakhshan, publishing works which we limit ourselves to list in 
the bibligraphy, also because in subsequent works by various authors they 
have been often forgotten. It must also be mentioned that in the mean- 
time a volume (IV, vol. 2°, 1970) dealing with the palaeontology has been 
published in this series, in which both micro and macro-fossils are illustrated. 
These were collected during the expedition and by occasional collaborators 
who followed us and visited some localities of particular palaeontological 
interest. 

It is considered useful to include below only the titles of the palaeonto- 
logical studies contained in the above mentioned volume. About the studies 
of foreign authors published during the preparation of the present volume, 
mention will be made within the sections, when the subject of those studies 
will be treated. Nevertheless some of them were received (or appeared) 
too late for giving an account in this book. 
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ScHoupPfé A. (VON). - Lower Carboniferous Corals from Badakhshan (North-East Af.- 
ghanistan. Pages 3-22, 3 plates. 


BARNARD P.D.W. - Upper Triassic Plants from the Kalawch River, Badakhshan 
(North-East Afghanistan). Pages 25-49, 3 figs., 2 plates. 


Rosst Roncuetti C. - New Contribution to the Knowledge of the Jurassic Fauna of 
Karkar (North-East Afghanistan). Pages 43-74, 6 figs., 2 plates. 


BERIZZI QuaRTO DI PALO A. - Upper Cretaceous Molluscs and Brachiopods from Ba- 
dakhshan (North-East Afghanistan). Pages 77-118, 1 fig., 5 plates. 


PREMOLI SILVA I. - Cretaceous-Eocene microfaunas from Western Badakhshan and 
Kataghan (North-East Afghanistan). Pages 119-160, 9 plates. 


BERIZZI Quarto DI PALO A. - Paleogene Pelecypods from Kataghan and Badakhshan 
(North-East Afghanistan). Pages 161-240, 1 fig., 16 plates. 


6. SUBDIVISION OF THE TERRITORY INTO GEOLOGICAL ZONES. 


It can be easily seen from an examination of the geological map includ- 
ed in this volume that the territory studied by Desio’s expedition of 1961 
can be divided into two parts from the point of view of the stratigraphy. 
The eastern part is composed mainly of plutonic and metamorphic rocks; 
the western part mainly of sedimentary rocks of normal facies. These cha- 
racteristics are maintained beyond the central area both to the east and west. 

The boundary between the two parts is not clearly defined. As will 
be best seen in the tectonic section, the main town of Badakhshan, Faydza- 
bad, lies on the western side of a structural high aligned approximately 
north-south which separates two areas not only different in composition but 
also with a different geological structure. In the first, as stated above, plu- 
tonic and metamorphic rocks are predominant and the tectonic structure is 
characterised by a series of blocks, separated by faults aligned in the direc- 
tion of the meridians, compressed together and also overthrust on one ano- 
ther; in the second area however sedimentary rocks are predominant which 
are affected by weak folds and modest faults. 

In spite of outcrops of plutonic and metamorphic rocks to the west of 
Faydzabad, as a geological boundary between the two parts the western li- 
mit of the Faydzabad structural high can be accepted when account is ta- 
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ken of the general north-south strike of the strata which pass about ten ki- 
lometres west of the main town. 

However, to be brief, we shall refer to them simply with the names 
area east of Faydzabad for the eastern part of Central Badakh- 
shan, which includes the structural high and the territory farther to the east, 
and as the area west of Faydzabad that situated to the west of 
the structural high, as far as Kataghan. 


7, SUMMARY OF THE GEOLOGY OF CENTRAL BADAKHSHAN. 


In order to introduce the reader on the geology of Central Badakhshan 
we think it will be useful to give him a general frame of the geological com- 
position and structure of the territory described in this report. 

STRATIGRAPHY. - The formations of Badakhshan were divided into three 
groups in accordance with their petrographical features. The groups are: 
sedimentary formations, metamorphic formations and igneous rocks. 

As detailed studies were previously lacking for this territory the names 
of about all the formations are new. 

The sedimentary formations of our territory, owing to tectonic and fa- 
cies reasons, are distinguished in two parts in relation with the geographical 
position, that is the ones lying east of Faydzabad and the ones lying west of it. 


A) SEDIMENTARY FORMATIONS OF THE AREA EAST OF FAYDZABAD. 


From the bottom to the top they are: 


a) Kalawach Limestone (Kal), sometime arenaceous and _fossiliferous 
belonging to the Upper Devonian (Lower member) and Lo- 
wer Carboniferous (upper member); 


b) Furmoragh shales (and black slates) (Fbs) with fossil plants of the 
Upper Triassic; 


c) Wuran Shahr Limestone (Wsl), microcrystalline, with fossils of the 
Upper Jurassic; 


d) Pa-in-Shahr Limestone (Pf), with evaporite facies, possibly belong- 
ing to the Upper Jurassic. 
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A’) SEDIMENTARI FORMATIONS OF THE AREA WEST OF FAYDZABAD. 


From the bottom upwards: 


a) 


Farkhar slate (Fs): dark arenaceous slate with basal layers of sand- 
stone, quartzite and conglomerate (age unknown); 


a’) Shingan Conglomerate (Sf): grey and greenish conglomerate with 


c’) 


interbedded greenish fine sandstone with some remains of fossil 
plants and pelecypods: Lower (?) and Middle Juras.- 
sic. 


Qara Bulaq Sandstone (Qf): reddish and greenish fine quartz-sand- 
stone with intercalations of green and red arenaceous siltstone. So- 
me beds of reddish conglomerate. Middle Jurassic — Lo- 
wer Cretaceous, 


Gazestan Formation (Gf): alternation of red, green and grey con- 
glomerate, red shale and sandstone, gypsum and grey fossiliferous 
limestone. Large lenses of rock-salt. Albian. 


Mashad Limestone (Ml): grey well-bedded limestone grading late- 
rally into sandstone. Lower Cretaceous — Cenoma- 
nian (?). 


Mohammed Aba Sandstone (Ms): dark-green and reddish compact 
quartz feldspathic sandstone. Lower Cretaceous — Ce- 
nomanian (?), 


Baba Darwes Formation (BDf): grey and brown limestone, often 
weathering yellowish, and red marl. Very fossiliferous. From 
Albian — Cenomanian to Palaeocene. 


Bluti Formation (Bf): grey marl and limestone very fossiliferous. 
Middle — Upper Eocene. 


Kokcha Formation (Kf): grey sandstone and conglomerate, prevail- 
ing (Tah Jari member); grey marl and sandstone in the upper part 
(Ghelawuk member); boulder conglomerate cemented by arkosic 
sand, locally at the base (Ganda Ool member). Neogene. 
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B. METAMORPHIC FORMATIONS. 


a) Faydzabad Gneiss (Fg): kinzigite, kinzigite-gneiss, biotite-garnet- 
gneiss with marble and amphibolite intercalations. Pre-Devo- 
nian problably pre-Cambrian. 


b') East Rabat Gneiss (Rg): fine-grained biotite gneiss, garnetiferous at 
the base (east of Faydzabad); with interbedded marble, thickly injec- 
ted at the contact with the Abu Abdal Granite. Pre-Devo- 
nian, probably Lower Palaeozoic. 


b*) West Rabat Gneiss: fine-grained biotitic paragneiss garnet and 
sillimanite bearing, inferiorly alternating with marble and _ calc- 
phyre. Probably Lower Palaeozoic. 


c) Qara Mughul Gneiss (Qg): medium-grained biotite gneiss (west of 
Faydzabad); with interbedded marble. Pre-Devonian, pro 
bably Lower Palaeozoic. 


d) Halga Jar Amphibolite (Hg): mostly massive, fine- or medium- 
grained amphibolite. Pre-Devonian—Jurassic. 


e) Kurkhu Gneiss (Kg): migmatitic gneiss, banded gneiss, augen- 
gneiss. 


f) Tarang Gneiss (Tg): migmatitic gneiss, mostly nebulitic, of various 
composition (from dioritic to pegmatitic), grading into Baharak Gra- 
nodiorite. 


g) Sialic gneiss granite (gy): locally porphyroblastic (augengneis), or 
garnetiferous. 


h) Black shales and slates (bs): dark arenaceous black shales and slates 
with quartzite layers. 


C. Icneous Rocks. 


a) Jalmish Tonalite (Iy): tonalite and quartz dioritic peripheral leuco- 
gabbro, granodioritic and leucogranitic facies. Permo—Trias- 
sic. 


20 | INTRODUCTION 


b) Naghz Darra Tonalite (Ny): tonalite, quartz diorite, leucogranite, 
often cataclastic. Jurassic—Cretaceous. 


c) Muzung Gabbro (M8): gabbro and olivine gabbro with small bodies 
of anfibolic gabbro and peripheral gabbro-dioritic facies. Juras- 
sic—Cretaceous. 


d) Kakan Quartz diorite (Ky): rather monotonous horneblende-quartz 
diorite. Tertiary. 


e) Petwan Blastomylonite (Pb): blastomylonitic and cataclastic quartz 
diorite. Blastomylonitic facies of the Kakan Quartz diorite. 


f) Abu Abdal Granodiorite (Ay): leucocratic granodiorite with leuco- 
granitic apophysis. Tertiary. 


_ g) Baharak Granodiorite (By): porphyroblastic microcline-biotite  gra- 
nodiorite and gneissose biotite quartz diorite. Age unknown. 


D. PLEISTOCENE AND MopERN CONTINENTAL DEPOSITS. 


a) Taluqan gravel (Tgr): sometimes slightly cemented, sometimes with 


graded bedding. 
b) Ancient (aa) and recent (ra) alluvial deposits. 


c) Ancient moraines and old fluvio-lacustrine deposits (am). a) Recent 
moraines (rm). 


e) Loess (lo). 

f) Plateau alluvial deposits with loess (pa). 
g) Lacustrine deposits (la). 

h) Landslide (1) and talus (t). 


E. TECTONICS. 


Under the point of view of the tectonics the Central Badakhshan may 
be divided into three tectonic zones, which have different structural charac- 
tenstics. 
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1. An Eastern zones, from Baharak (Shiwa fault) eastwards as far as the 
Zebak-Munjan fault, where the metamorphic formations (Kurkhu Gneiss, 
East Rabat Gneiss) are folded in anticlines and synclines and are someti- 
mes faulted. In this zone the bedding strike and the fold-axes are general- 
ly oriented NNW-SSE. A large pluton is present north-east of Baharak 
(Baharak Granodiorite) on the right bank of the Zardew river. The zone 
to the south-east is that of Hindu Kush. 


2. A Central zone, between Baharak and Rabat (Jurm fault), is wholly 
composed of sedimentary rocks, like Devonian-Jurassic limestone, and the 
lightly metamorphosed black slates. The beds are folded and repeatedly 
faulted and the width of the tectonic zone becomes narrower and narrower 
from the north to the south. We may consider the zone as a synclinorium. 


3. A Western zone, between Rabat and Kakan (Petwan faults), charac- 
terized by the important anticline of Faydzabad, whose core is formed by 
the most ancient rocks known in the zone, the Faydzabad Gneiss. As in the 
eastern zone, the outcrops (Faydzabad Gneiss, West Rabat Gneiss, Qara Mu- 
ghul Gneiss, Halqa Jar Amphibolite) and the fold-axes are prevailingly orient- 
ed NNE-SSW. North of Faydzabad, the fold-axes turn northwards, 
because of a mass of igneous rock constituting an obstacle to orogenic mo- 
vements. 


To the west follows the Kataghan zone, from Petwan towards Talugan, 
where the formations (Farkhar black slates and Cretaceous and Tertiary for- 
mations) have in general a NE-SW strike. In this zone, a large igneous bo- 
dy occurs between Farkhar, Ganda Qol, and the Maskad valley; igneous 
rocks also form a band, with approximate NNE-SSW strike, between the 
Halgqa Jar Amphibolite on the east, and the black slates on the west, from 
Kakan as far as the Mashad valley (near Kishem). This lenticular intrusion, 
with its blastomylonitic facies, is an important element in the geological 
structure and history of the region. The granodiorite was probably in- 
truded along a stratigraphical and tectonic discontinuity in the western side 
of the Faydzabad anticline, between the Halga Jar “Amphibolite and the 
plastic black slates, which acted as impermeable blanket to the intrusions. 
North-west of Faydzabad, where the Halga Jar Amphibolite is best devel- 
oped, the igneous rocks deviate north-north-westwards. After the Kakan 
Quartz diorite intrusion, a sinking movement occurred in the western zone, 
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and Tertiary sediments were deposited in the trough (Upper Amu Darya 
Depression of Tuayev, 1961). These sediments were subsequently dislo- 
cated. At the same time, further folding of the Faydzabad anticline conti- 
nued, which assumed the shape of a fan-fold. This tectonic movement oc- 
curred repeatedly, as is shown by angular unconformities between several 
deposits, some of them of Cretaceous, some of Tertiary age. At the same 
time, part of the granodiorite, under high pressure, was subject to myloni- 
tization followed by recrystallization which turned the rocks into blastomy- 
lonites (Petwan blastomylonite). 

Considered in a larger tectonic frame, the region described above is lo- 
cated in a tectonically very complex area. It lies in the south-westward 
point of convergence of the tectonic structures forming the Pamir and is al- 
so near the contact of these structures with those forming the Hindu Kush 
range to the south. 


II. STRATIGRAPHY 


1. INTRODUCTION. 


We shall start with the sedimentary formation from which it is possible 
to obtain elements of judgment on the age of the metamorphic and plutonic 
formations, because at least in part they have provided determinable fossils. 
We shall then pass to the metamorphic formations and subsequently to 
the plutonic ones. However before describing the various formations a 
preliminary clarification is necessary. 

The concept of the formation, according to the international norm (’) de- 
mands a precision it is not always possible to establish. Not all of our for- 
mations represent therefore « formal » stratigraphic units because they lack 
some of the data required by the norm. In spite of this in these cases, which 
in reality are in the minority, we have considered it useful to adopt a forma- 
tional nomenclature which enables one to determine rapidly, and, up to a 
certain point, independently of age the various groupings of the beds. We 
can distinguish the « informal » formations by using the lower case for the 
second term. 

We have maintained the formational concept also in the subdivision of 
the metamorphic rocks for which norms have been used analogous to those 
used for the sedimentary rocks. 

Bearing in mind the small amount of geological research in Badakhshan 
before our 1961 expedition it was necessary to introduce numerous new for- 
mations with local names. It is possible that some of these correspond more 
or less to formations already noted in neighbouring territories, specially 
in Pamir and Tadzhikistan — and in certain cases we have identified them 
— but when the correlations are not secure we have preferred to adopt the 
local name which could be synonymous with the other, but avoids false cor- 


(1) Report on the 21! Session of the International Geological Congress, Copenhagen 1961. 


24 SEDIMENTARY FORMATIONS 


relations which are much worse than two names. In certain cases in which 
too many elements are lacking to create a new lithostratigraphic unit we have 
used a generic nomenclature designating the groups of beds with generic li- 
thological descriptions in order to individualise them in some way. 

We believe that this method is more practical and rational than that used 
widely in Afghanistan of placing the stratigraphic subdivisions in « series » 
more or less chronologically defined. The series are in fact local successions 
of beds, mapped occasionally, without any stratigraphic limit defined above 
or below, which do not represent commonly neither lithostratigraphic units, 
chronostratigraphic nor biostratigraphic, and for this reason it is very diff_i- 
cult to represent them on geological maps. 

We shall start our review of the formations with those of sedimentary 
origin because they are more significant, more easily datable and better 
delimitable. We shall follow these with the metamorphic formations and 
finally pass to the description of the igneous rocks which can be also clas- 
sified using formational concepts. 

The formations are reviewed in the chronological order, starting with 
the oldest. But the order of the succession cannot be rigorously respected 
because of the existence of numerous coeval formations which pass laterally 
into one another. In this case the succession will be more or less casual or 
follow a geographical order. 


A. SEDIMENTARY FORMATIONS 


ao AREA EAST OF FAYDZABAD. 


1. GENERAL OUTLINE. 


A thick calcareous-dolomitic sequence (partly metarmophosed) is pre- 
sent east of Faydzabad between the Rabat Gneiss to the west and the black 
shales to the east and outcrops on the mountains rising to the north-east of 
the Kokcha river, in the region bounded by the Jurm valley to the south and 
the Koh-i-Sur Khan. Two thick calcareous bands dip towards the Kokcha 
river between Rabat and Baharak: one upstream of Wular, the other near 
Furmoragh. Further to the north, in the Khambew region, these bands 
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thicken rapidly and join together to form most of the mountain ranges bor- 
dering to the west the valley of the Shiwa river north of Baharak, towards 
northern Badakhshan. 

Several different lithological units varying in age (according to the fos- 
sils) from Upper Devonian to Upper Jurassic, not differentiated on the geo- 
logical maps, were recognised in this thick calcareous-dolomitic sequence 


with interbedded bands of black shales shales (F ig. 2). 


PA-iN-SHAHR FORMATION bossa 


WURAN SHAHR LIMESTONE 3K UPPER JURASSIC FOSSILS 


3K UPPER TRIASSIC FOSSIL PLANTS 


FURMORAGH SHALES 


3k LOWER CARBONIFEROUS FOSSILS 


KALAWCH LIMESTONE 3K UPPER DEVONIAN FOSSILS 


KAFERAN MARBLES f 
ANO 


SUR KHAN DOLOMITE 











AY Limestone, dolomite ————4 Shale 
exmel Crystaline limestone panna | Sandstone 


A Crystalline dolomite SUS ES 


SSE ei Conglomerate, breccii 
Fig. 2 - Schematic stratigraphy of the sedimentary formations in the 
area east of Faydzabad. 





However, six different calcareous formations were recognised in the re- 
gion east of Faydzabad although it was difficult to distinguish them and to de- 
termine their stratigraphic position due to the similar composition of some 
lithotypes and to tectonic dislocations. A stratigraphical study of the region 
located further to the north, where the tectonic structure could be less devel- 
oped, may perphas allow more detailed stratigraphical sections to be obser- 
ved. 
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The Pa-in-Shahr formation, one of the six lithostratigraphic units men- 
tioned above, was nevertheless mapped and shown on the geological map at 
1:150.000 scale. All the other units were only briefly investigated during 
our study but it was possible, however, to reconstruct their stratigraphical se- 
quence which will be described in the next chapters. On the geological map 
attached to this volume, four of these formations have been grouped toge- 
ther and have the same colour (djl): two of them (Kaferan marble and Sur 
Khan dolomite) are partly metamorphosed and will be described in the chap- 
ter concerning the metamorphic rocks. 

The three calcareous formations, clearly of sedimentary origin, were 
named as follows: 


a) Kalawch limestone, 
b) Wuran Shahr limestone, 
c) Pa-in-Shahr formation. 


Together with these calcareous formations there is a fossiliferous, san- 
dy-argillaceous formation which has been provisionally named the Furmo- 


ragh shales. 


2. DESCRIPTION OF THE FORMATIONS. 


2.1. Kalawch Limestone (Kal). 


It consists of a grey limestone, occasionally arenaceous, corresponding, 
at least to some extent, to the calcareous band outcropping to the east of 
the Wuran Shahr pass (3105 m) which is interposed between the two paral- 
le] black shale horizons. The limestone beds strike mainly north-south and 
while to the west they appear to be in normal contact with the black shales, 
to the east the contact is represented by a fault. 

The fossiliferous locality (61 AP-5) where Pasquare collected his sam- 
ples ('), No. 2 on the attached geological map, is located three kilometres to 
the north of the pass and about one kilometre to the north of the peak mar- 


(1) This fossiliferous locality was found just the day when Pasouarié, for political reasons (see 
page 8), was urgently recalled to Kabul by the expedition leader and therefore could not go back. 
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ked 3161 m. The elevation of the fossiliferous locality is 2820 m ass.l., 
within the small valley on the western slope of the upper Kalawch valley. 


Fig. 3 - Fossiliferous localities in the 
area of Wuran Shahr Pass. 1 = Fos- 
sils of the Upper Jurassic; 2 = Fos- 
sils of the Upper Devonian; V1 = 
y. Fossils of the Lower Carboniferous; 
V2 = Fossil of the Upper Triassic. 


yan Pass 


* 





The fossils were determined by C. Rossi Roncuertt: who identified the 
following species: 


Cyrtospirifer verneuili (Murchinson), 
Cyrtiopsis davidsoni barrauxensis Grabau, 
Camarotoechia sp., 

Productella sp. 


Although the small fossil fauna (brachiopods) is poor, according to Ros- 
st RONCHETTI it is sufficient to prove that the Kalawch limestone belongs to 
the Upper Devonian. 

R. VaRVELLI, a member of the « Afghan 65» expedition, collected in 
the summer of 1965 a small fossil fauna with corals in a limestone very sim- 
ilar to the Kalawch limestone at a locality about one kilometre to the 
south-east of the previous one (°) (Fig. 3). 


(2) This fossil locality is not represented in the geological map because it was discovered after 
its publication (1964). 
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The specimens which VarveE.u kindly sent to us were determined by 
A. von ScHouprE who recognised the following species: 


Fasciculophyllum multiseptatum von Schouppé, 

Zaphrentites sp. ind., 

Caninophyllum tomiense (Tolmachev), 

Amigdalophyllum P kalawchense von Schouppé, 

Michelinia ? sp. ind. 

This fossil fauna also, as was the previous one, is very poor in species 
but does not belong, however, to the same age. It is more recent and must 
be assigned to the Lower Carboniferous. 

According to the above data it appears that the lower part of the Ka- 
lawch limestone belongs to the Upper Devonian, its upper part to the Low- 
er Carboniferous. It is also possible that the lowest horizons belong to 
older stages and the uppermost ones to younger stages since a stratigraphic 
section of this formation was not surveyed. Temporarily the Kalawch lime- 
stone can be divided into two members (the lithostratigraphic characters of 
which are not well known), that is a lower member of Upper Devonian age 
and an upper member of Lower Carboniferous age. The grey dolomite 
with crinoids (61 AP-4) outcropping near the mountain top marked 3451 
m belongs perphaps to the latter member. 


2.2. Furmoragh shales (and black slates) (Fbs). 


GENERAL OuTLINE. — The name Furmoragh shales (and black slates) 
denotes a complex of schistose rocks which, apart from a different degree 
of metamorphism by which they can be differentiated, present many similar- 
ities and appear lithotypes of the same formation. The lithotypes outcrop- 
ping to the east of Faydzabad are similar as are also those exposed to the 
west of the same town. In this latter area, due to better exposures, we also 
measured a stratigraphic section near Farkhar which we chose as the type- 
section of a formation created by us and called « Farkhar Slates» (page 
47). Only this formation was mapped and it is shown on the attached geo- 
logical map. 

It was not possible to ascertain if the black slates outcropping in the two 
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areas are part of one formation. Moreover it is very probable that the black 
shales and slates consist of more than one formation. 

In this paragraph all the rocks which in the field were provisionally map- 
ped as black slates are combined together; on the geological map they are 
shown with the same colour (bs). It was not considered necessary to de- 
scribe separately the fossiliferous black Furmoragh shales exposed in the 
Wuran Shahr pass area since it appers that they pass laterally to black slates 
as happens also at other localities (page 31). It was also thought advisable 
not to describe them in the chapter concerning the metamorphic rocks since 
the most interesting beds of this complex are the fossiliferous ones which 
have a shale facies. The most markedly metamorphic facies will be mainly 
described in the chapter concerning the Lake Shiwa area where these rocks 
are better exposed and differentiated. Regarding the name, which is to be 
considered provisional and is useful for stratigraphical references, it was cho- 
sen from a locality fairly distant from the outcrops of the fossiliferous beds 
since the only one available in that area (see maps) had been used for ano- 
ther formation. Furmoragh, nevertheless, is located near a large outcrop 
of black slates belonging to the beds which provided the fossil plant remains. 
This fact is not meant to infer that the beds exposed near Furmoragh cor- 
respond to the same horizon as the fossiliferous one. It must also be said 
that although the black slates outcropping in the area to the north of Fur- 
moragh are lithologically similar to the Farkhar Slate, they cannot be iden- 
tified with the latter formation since their age is considerably different as 
will be shown later page 32). It is however possible that the lower part 
of the Furmoragh shales, which is unknown, could extend upward to the 
Farkhar Slate which, as will be shown, is pre-Triassic. 


PETROGRAPHY. — The study of samples of black shales and slates re- 
vealed that they consist of three different rock types. The first are epimeta- 
morphic rocks: fine-grained arenaceous shale and slate, arenaceous-chloritic- 
sericitic schist, and phyllitic slate. The second group is represented by pe- 
litic, contact-metamorphic slate similar to a cornubianite with andalusite, 
cordierite, sillimanite, garnet, etc., and biotitic quartz-schist with the same 
minerals, The last group consists of polymetamorphic rocks such as bioti- 
tic and occasionally graphitic schists with one or more of the following mi- 
nerals: garnet, staurolite, andalusite, and kyanite. The rocks of the three 
groups outcrop at random within both areas of black slates. The polymeta- 
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morphic group is exposed only in the eastern area, the other two groups 
being commonly present together in the same areas. 

In this paragraph are described only the rocks belonging to the first 
group. The second and third groups, as already mentioned, will be dis- 
cussed in the chapter dealing with the Lake Shiva area. 


FieLp InvesticaTion. — Although only limited data are available con- 
cerning the geological characteristics of the fossiliferous locality near the 
Wuran Shahr pass, this fossil occurrence is described first because of its stra- 
tigraphic importance (Fig. 3). 

Fossil plant remains, partly well preserved, were collected by R. Var- 
VELLI in several rock slabs during the « Afghanistan 65 » expedition (’). 

These fossils were found in a black, schistose, pelitic and psammitic 
rock outcropping at the confluence of two small valleys about one kilometre 
to the north-west of the point 3161 m (and therefore 600 m to the west of the 
Upper Devonian fossiliferous locality) in the long belt of black shales extend- 
ing for more than six kilometres to the north of the Wuran Shahr pass. 
The palaeontological determinations were carried out by P. D. W. Barnarp 
from Reading University who identified the following species: 

Pterophyllum filicoides (Schloth.) Thomas 

Pterophyllum kalawchiense Barnard 

Otozamites ashtarensis Barnard 

Taeniopteris pseudobrevis Barnard. 

Besides a known form there are three new species. According to Bar- 
NARD this fauna belongs to the Upper Triassic (°). 

The areal extent of the fossiliferous beds is not known; it can only be 
inferred that they form, at least in part, the long belt of black shales which 
extends north of the Wuran Shahr pass and south of it for about fifteen ki- 
lometres. Also the long bands of black shales, parallel to the previous one 
and orientated approximately north-south, exposed in the mountainous re- 
gion to the north of Furmoragh appear to belong to the same formation. 

To the north of Furmoragh, in the area investigated, the black slates 


(1) We wish to thank Dr. VaRvELLI for releasing to us the important palaeontological specimens 
which he collected in Afghanistan. 

(2) The description of this fossil fauna appeared in volume 2™, series IV of the present 
collection, 
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are represented by black and grey-green slates and siltstone (61 AD-5,-6) 
with intercalations, occasionally frequent near the base, of ligth-grey to 
white, occasionally blackish quartzose sandstone (61 AD-7). The rock is 
generally intensely fractured. 


Detailed data on the stratigraphic sequence are not available. It can 
be said, however, that its composition is very uniform although some varia- 
tions are present. Uphill from the eastern end of the village of Pa-in-Shahr, 
for instance, light-grey, homogenous and massive, greyish when altered, fine- 
grained sandstone are the predominant rock type. Some darker beds, occa- 
sionally banded, are rich in biotite flakes; other beds contain lenses of mi- 
croconglomerate with few pebbles dispersed in a matrix which is mainly 
cement. The rock is intensely fractured and the strike is variable although 
generally the beds dip 20°-40° to the north-northeast. 

To the north-east of Furmoragh, along the caravan trail to the Lake Shi- 
wa, these beds strike north-east with some deviations to the north. The beds 
are generally tightly folded and cut by transverse faults causing evident and 
recognisable change in the quartzite outcrop. Other faults and overthrusts 
are parallel to the strike of the beds. In the upper valley of the Darya-i- 
Shiwa, oriented approximately north-northeast, the black slates are folded in 
an asymmetrical anticline the eastern limb of which has gently dipping beds, 
the western limb steeply dipping and with occasional vertical beds. 

The same formation, with similar lithological characteristics, has an ex- 
tensive outcrop area in the Shakh Darrah river valley at least up to the con- 
fluence with the Darya Nakheir Par valley where an outcrop of plutonic rock 
outside the geological map attached to this volume, is present. 

Further to the east the black slate outcrops continue at lenght with the 
same characteristics of these previoosly described. Also in the Lake Shiwa 
area beds of light-coloured quartzose sandstones are intercalated in the black 
slates; this fact, together with the continuity of their outcrops, is further 
proof that it is the same formation. Variations in the lithostratigraphic com- 
position are represented by an increase in the more arenaceous facies to- 
wards east. 

As previously mentioned, in this area the black slates underwent 
changes brought about by regional and thermal metamorphism. These ef- 
fects will be described in the chapter concerning the Lake Shiwa area. 

It must also be mentioned that a dyke of white quartz is present in the 
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black shales outcropping in the Shiwa valley, half-way between its headwa- 
ters and the confluence with the Shakh Darrah river. 

The thickness of this formation is not known but it can be safely as- 
sumed to be more than 1000 m. 


AcE. — The presence of fossil plant remains of Upper Triassic age in 
the black shales exposed in the neighbourhood of the Wuran Shahr pass is 
not sufficient evidence for assigning the whole formation to this epoch. As 
previously said, the Furmoragh shales and the black slates have a thickness 
of more than 1000 m and therefore it is possible that several other older or 
younger stages are present in this formation, all the more so as it is not 
known in which part of the formation the fossiliferous beds are located. 

In this connection it must also be mentioned that in the Wuran Shahr 
pass area, which appears to be the least affected by metamorphic phenome- 
na, more fossiliferous localitites were found in the limestones overlying and 
underlying the belt of fossiliferous black shales described in the previous pa- 
ges. The Kalawch limestone is present in the east, the Wuran Shahr lime- 
stone in the west. The first is of Upper Devonian and Lower Carboniferous 
age; the second of Upper Jurassic age. It is therefore reasonable to assume 
that the Furmoragh shales and the black slates were deposited between the 
Lower Carboniferous and the Upper Jurassic. 

From what has been said before, it must not be assumed that the 
« black slates » represent all the stages, since hiatuses may exist in the stra- 
tigraphic sequence. Moreover it is not known if the black slate formation 
is complete in the investigated area since intense tectonic dislocations are 
present there. 

Only more extensive investigations, especially in the area to the north 
of the studied one, can solve this problem. 


2.3. Wuran Shahr Limestone (Ws). 


This consists of a black, microcrystalline, occasionally bituminous, gen- 
erally laminated limestone interposed, as a long belt, between two bands 
of black shales and slates. In the west the Wuran Shahr limestone, steeply 
dipping to the west, is separated by a fault from the black slates which 
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show the same structure; in the east the limestone and the black slates ap- 
pear to be in sequence. The beds dip steeply to the west and appear to over- 
lie the Upper Triassic Furmoragh black shales already described in the pre- 
vious paragraph. 

At a locality in the upper Wuran Shahr valley, about two kilometres to the 
north-east of Wuran Shahr-i-Pa village (fossiliferous locality No.1 of the 
geological map), PasquarE collected some fossils among which Ross Ron- 
CHETTI identified the following species: 

Ctenostreon proboscideum Sow., 

Pholadomia canaliculata Roemer, 

Pinna sp. 

It is a poor fauna, but sufficient, however, to assign the Wuran Shahr 
limestone to the Upper Jurassic. The fossils were found in a black, occa- 
sionally powdery, generally laminated, microcrystalline limestone about 800 
m from the contact with the nearest black slates and at 2470 m a.s.]. on the 
rigth hand slope climbing to the Wuran Shahr pass (67 AP-1). 

Beyond the Wuran Shahr pass, at 3200 m, on the left hand slope near 
the head of the large intramontane basin between the peaks marked 3451 
and 3193 m, almost in contact with the black slates, are outcrops of yellow- 
grey and grey-brown, generally oolitic, flaggy, microcrystalline limestone 
with very irregular texture which generally have abundant larger foramini- 
fera or fragments of macrofossils (61 AP-2). Just above them there are 
light-grey, massive limestones also microcrystalline and with horizons con- 
taining larger foraminifera (61 AP-3). These latter limestones represent the 
continuation of the horizons overlying the band exposed at the previous fos- 
siliferous locality. In the first large valley to the north of the Wuran Shahr 
pass, left side tributary of the Darya-i-Kalawch, descending from the peaks 
marked 3451 and 3161 m and just below the latter one, outcrop black, cryp- 
tocrystalline limestones generally with calcite veins (61 AP-150). 

The quartzites located just below the previously mentioned peaks, are 
generally massive and light-green in colour (61 AP-151). Near the base 
some of them are fossiliferous (61 AP-6). 

Also near Sar-i-Hauwidz are present black, well bedded, generally la- 
minated limestones with calcite veins (61 AP-159). 
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2.4. Pa-in-Shahr Formation (Pf). 


The upper unit of an evaporitic rock sequence outcrops at the confluen- 
ce of the Kalawch and the Shiwa valleys, along the Wurhel valley, in the 
valley of Syah-Jar and on the lower right hand slopes of the Kokcha valley 
between Pa-in-Shahr (Rabat—Baharak) and Furmoragh. This formation con- 
sists of yellow, crystalline limestone with gypsum nodules; red, powdery, 
limonitic limestone; cellular dolomite; grey and brown limestone; and grey, 
marly limestone with large crystals of scapolite. 

This evaporitic formation was mapped in the field and is shown (Pf) on 
the geological map. As it can be seen, the eastern outcrop presents beds 
steeply dipping to the east-northeast and is interposed between the Furmo- 
ragh black shales, strongly fractured and dipping 20° - 40° to the north-north- 
east, and light-grey to whitish, occasionally banded limestones in distinct 
beds 10-30 cm thick (61 AP-78). 

The Pa-in-Shahr formation is represented here by gold-yellow, yellow- 
brown and straw-yellow, cellular, powdery, crystalline limestones. The li- 
mestones contain curious stick-shaped inclusions and beds of variegated li- 
mestones (generally grey and white) rich in contact-minerals (61 AP-74, 
-75, -76, -77). 

A more varied sequence of lithotypes was observed on the western slo- 
pe of the Pa-in-Shahr valley. Near the contact with the black slates, grey 
and generally, especially in the upper parts, yellow, yellow-orange and 
brown-reddish, concretionary and cellular limestones in very thick beds 
61 AP-144) are prevalent. Other grey and banded limestones form narrow 
belts near the contact with the black slates and contain contact minerals 
61 AP-145). 

At the base of these limestones, at an elevation of about 1700 m, are ex- 
posed grey or grey-brown, granular quartzites (61 AP-146) overlying con- 
glomerates of different types consisting of grey, ash-grey, white-yellowish and 
red-brown pebbles of crystalline limestones in an abundant, arenaceous, fi- 
ne-grained, quartzose matrix the grains of which are generally laminated and 
have streaks of mica (61 AP-147). In the latter rock-type thin beds of grey- 
green, coarse sandstone are intercalated (61 AP-148). At the top of this se- 
quence, the yellowish and red concretionary limestones locally contain angu- 
lar fragments 5 to 30 cm in diameter of grey. generally banded limestones. 
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Near the lower end of the Kalawch valley, the evaporite sequence 
shows frequent breccias consisting of different size angular fragments, gen- 
erally banded, of black limestones (61 AP-151, -152, -153, -154). 

No fossils were found in the Pa-in-Shahr formation. This fact and the 
strongly dislocated outcrop area make it very difficult to assign an age to 
this formation. 

Some stratigraphic indication and some similarities with the upper mem- 
ber of the Karkar Formation in Kataghan, with evaporitic facies, induce us 
to refer (with uncertainty) the Pa-in-Shahr formation to the Upper Jurassic. 


2.5. Summary of the Stratigraphic Sequence East of Faydzabad. 


We summarize within the table 1 (page 36) the sequence of lithostra- 
tigraphic units which we met during our rapid investigation in the area east 
of Faydzabad. 

The table marks out an incomplete stratigraphic sequence, with large 
gaps, some of them undoubtely depending on lack of field investigation, 
others probably beeng original gaps in the sedimentary process. 

A recent report by I. V. Arkxuipov, J. G. LEonov & A. A. Nikonov (1970), 
summarizing the present geological knowledge on the Badakhshan, reports 
the existence in our country (besides the formations already mentioned) of 
a marly-argillaceous formation to be referred to the Lower and Middle Trias- 
sic for its affinities with the Pamir formations. We lack of details on that 
formation: probably it deals with a portion of the sequence included by us 
under the general name of « black shales ». 

Stratigraphic units of different age are also pointed out in Badakhshan, 
but they crop out outside of the central part of it. 


2.6. Comments on the Stratigraphy of the Sedimentary Formations East 
of Faydzabad. 


As seen in the preceding pages, the sedimentary formations of normal 
facies distinguished in the area east of Faydzabad, comprise a wide series 
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Table 1. 
CENTRAL BADAKHSHAN AFGHANISTAN AND 
EAST OF FAYDZABAD | ENVIRONMENT AGE CENTRAL PAMIR NW PAKISTAN 
Pa-in-Shahr forma- lagoonal Upper Jurassic |(Fossiliferous Karkar forma- 
tion (Psf) (evapo- limestone) tion (Member B) 
ritic) 
Wuran Shahr lime- neritic Upper Jurassic | Fossiliferous Karkar forma- 
stone (Ws 1) with pe- black limestone {tion (Member A) 
lecypods with shales inter-|(Desio, Cita & 
calations of Premoli Silva, 
Akbaital 1965) 
Furmoragh black continental | Upper Triassic | Fossiliferous ? Lower Saighan 
shales and slates dark shales and | sequence 
with fossil plants slates with plants 
Black shales siltsto- ? ? From Middle| Marbly-argilla- Fusulinid lime- 
ne and sandstone (li- Triassic to Upper|ceous sequence _ |stone of Shogram 
mestones ?) Carboniferous (Desio, 1966) 
(no fossils) 
Upper Kalawch li- marine Lower Fossiliferous Lun shales 
mestone (Kal) with Carboniferous | limestone of (Reshun) 
corals Akbaital 
Lower Kalawch li- marine Upper Devonian | Fossiliferous Shogram Forma- 
mestone (Kal’) with limestone of tion (Desio, 1966) 
brachiopods Jasgulem and Hajigak Limesto- 
Wanch ne (Martina, 1963) 





of lithotypes which range in age from the Upper Devonian tu the Upper Ju- 
rassic. At this point it might be asked, if the various formations were ar- 
ranged in chronological order whether they represented a continuous and com- 
plete stratigraphic series in the area of their outcrop. Undoubtedly a cer- 
tain continuity seems to exist between the various formations which in the 
area around the Wuran Shahr pass are distributed with an apparent regu- 
larity in ascending succession proceeding from east to west, that is starting 
from the oldest in the east and passing towards the west into younger for- 
mations. If the hypothesis is valid it is possible then to reconstruct the 
stratigraphic series of normal sedimentary facies in the area situated to the 
north of Furmoragh, in the following way, starting from the base: 


1) Kalawch limestone: 
a) grey limestone, sometimes arenaceous, with Upper Devonian bra- 
chiopods, 
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b) grey limestone with Lower Carboniferous corals; 


2) Furmoragh black shales with Upper Triassic fossil plants; 


3) Wuran Shahr limestone, black, microcrystalline, sometimes bituminous 
limestone with pelecypods of Upper Jurassic age; 


4) Pa-in-Shahr formation: represented by an evaporitic sequence mainly 
composed of yellow crystalline limestone with nests of gypsum, red pow- 
dery limonitic limestone and grey marly limestone with large crystals of 
scapolite probably belonging to the Upper Jurassic. 


It was not possible to identify eventual stratigraphic breaks between the 
various members of this marine stratigraphical series, apart from those indi- 
cated by the continental plants of the Upper Triassic, and probably also by 
the conglomeratic and quartz sandstone horizon at the base of the Furmo- 
ragh formation; also the thickness of the individual formations is unknown 
but when taken together they must be less than 3500 m. It must be added 
that since formations younger than the Pa-in-Shahr formation are missing, 
taking account of the lagoonal facies, one concludes that with this unit the 
marine cycle in the area examined to the east of Faydzabad, was termina- 
ted. 

However, it must be remembered that from our research we posses on- 
ly fragments of the regional stratigraphic sequence, which thanks to the pre- 
sence of fossils can be arranged in a logical order as in the table 1. 
Nevertheless, during the long interval between our expedition and the pu- 
blication of the present work several short geological accounts have emer- 
ged which deal with the stratigraphy of Badakhshan and of which account 
must be taken. A comparison with the better known stratigraphic series in 
Pamir, could also be very useful since the area surveyed by us is directly con- 
nected tectonically (DEsio, 1965 a). 

The works which have already been indicated are the summary report of 
the geological knowledge of Badakhshan by I. V. Arncuipov, I. G. Lzonov & 
A. A. Nikxonov (1970) which summarises as far as Badakhshan is concerned, 
the note by S. K. Mmzop, V. P. Kotcuanov & O. A. Manucuarjantz (1968), 
which in its turn is a sort of synopsis of the relative knowledge of the whole 
of Afghanistan, with particular emphasis on the mineral deposits. The Ar- 
CHIPOV et al. report in which attention has been drawn to our preliminary re- 
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ports contains a geological and tectonic sketch-map on a small scale (1:3 mil- 
lions) together with a very brief account of the correlation of Pamir with all 


of Badakhshan. 


From the two accounts cited above an attempt has been made to ex- 
tract the elements concerning the sedimentary stratigraphy of Badakhshan 
east of Faydzabad, especially that part which we did not identify and which 
perhaps does not even outcrop in the area we explored. 


The oldest fossiliferous sedimentary formations in Badakhshan, ac- 
cording to the account given by Mion et al., are the « Ordovician sandsto- 
nes » more than 300 m thick with trilobite remains which are probably refe- 
rable to the species Basiliscus nobilis Barr., which outcrop concordantly 
above a dolomite, limestone, sandstone, siltstone and argillite complex more 
than 700 m thick which may be Cambrian in age. This age assignment was 
made by G. G. Semenov, based on correlations with the stratigraphic sequen- 
ce of Central Pamir, but no other details or bibliographic information are 
available to enable us to understand the location of the outcrops and the stra- 
tigraphic succession, to seek eventual equivalents among the formations exa- 
mined. 

It can only be presumed that they form a part of the most eastern out- 
crops of Badakhshan, among which they are included under the generic na- 
me of « pre-Cambrian formations perhaps in part Lower Palaeozoic and Pa- 
laeozoic » and they cannot form part of the tectonic unit of which the area 
east of Faydzabad is a part. For this reason, it is not probable that these 
formations are present in the area considered here. 

No records of the existence of the sedimentary Silurian in Badakhshan 
are known. In the notes cited above, the possible presence of beds of this 
age are suggested in the lower part of Durumbak formation on the northern 
side of the Hindu Kush, but it is believed that it concerns the outcrops in 
the Surkhab valley south-west of the area considered. 

The presence of the Devonian sequence in Badakhshan is not mentioned 
in the reports in question apart from the data published by us previously 
(Desio, Martina & Pasguare, 1964 a). 

As far as the Upper Palaeozoic is concerned, the two reports mentioned 
above give important details about Badakhshan. 

In western Badakhshan, as in Pamir and Darvaz, according to ARCHI- 
Pov et al., the Lower Carboniferous is present and in part — it seems — the 
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Middle represented by clastic volcanic formations not less than 4-5000 m 
thich, and the Middle and Upper Carboniferous by limestones only several 
hundred metres thick. The Lower Permian is composed of limestones, 
sandstones, and shales 2500 - 3000 m thick, the Upper Permian principally 
by red formations of notable thickness. The remarks applied to the older 
formations can also be applied to these formations. In the sketch map by 
Arcuipov et al. the « Lower Carboniferous volcanic series » is distinguished 
and occupies a western position, very close to the fault which separates Ba- 
dakhshan from the Upper Amu Darya Depression. This position amply 
justifies the fact the we have not encountered formations of this facies, which 
— it might be added — are presumably missing in Badakhshan east of Fayd- 
zabad. 


In Central Badakhshan, the area in which we were most directly occu- 
pied in the preceding pages, the three authors record two series in the Up- 
per Palaeozoic, a lower arenaceous-argillaceous series, at least 2-3000 m 
thick, and an upper unit, essentially Permian, comprising 300-350 m of dark 
limestone. 

The information given by Mirzop et al., does not correspond exactly. 
In connection with the Permian of Central Badakhshan it should be remem- 
bered that G. G. SEMENov and colleagues on the basis of correlation with 
Northern Pamir distinguished precisely the two stratigraphic subdivisions 
which attain a thickness greater than 3000 m and are composed mainly of li- 
mestones with intercalations of carbonaceous-argillaceous shales, sandstones, 
conglomerates and tuffaceous rocks. Certain elements seem to indicate 
that in single « facies-structural zones» the Permian deposits were intense- 
ly and structurally metamorphosed presenting gradual transitions, for 
exemple, to phyllites and gneiss. The above mentioned authors add that 
«in this case it cannot be excluded that certain metamorphic formations 
first referred to the pre-Cambrian (for example the Rabat gneiss) are actual- 
ly of Permian age ». This will be dealt with in another paragraph. 

If we pass to a comparison with the succesion mapped by us, in the Ka- 
lawch limestone formation, apart from the Upper Devonian, the Lower Car- 
boniferous is also present, as we know, both fossiliferous, but with different 
facies as mentioned above. It is moreover possible that in the Kalawch li- 
mestone the Upper Carboniferous is also present, even if we have no proof. 


No proof has been found either for the presence of Permian strata, 
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which however may be represented also in the upper limestone complex of 
Kalawch and at the base of the Furmoragh shales. 


From what has been read in the note in question no Permian fossils 
have been found in Central Badakhshan: the attribution of this age to the 
beds described has been based on the comparison with Northern Pamir, and 
this leaves doubt about the determination. 


On the lateral passage from normal facies to metamorphic facies, we 
also have recognised the transitions from black shales to black slates, while 
we do not share the opinion of the three authors cited above that the Ra- 
bat Gneiss can be a Permian metamorphic facies. 


When they refer to the Mesozoic strata, the three authors record that the 
area of major development is represented by Central Badakhshan, where a 
uniform silty-argillaceous-phyllitic formation, more than 2000 m thick is attri- 
buted by analogy with Pamir, to the Upper Triassic—Lower and Middle Ju- 
rassic. These are evidently our Furmoragh black shales and slates in which 
VaRVELLI found terrestrial fossils of Upper Triassic age. It does not seem 
probable that the formation comprises the Middle and Upper Jurassic also, 
because this is contradicted by the presence of the limestones of the Wuran 
Shahr formation with marine fossils of Upper Jurassic age and of the Pa-in- 
Shahr formation of lagoonal character. 


In western Badakhshan, the Mesozoic formations are found in a single 
locality near Dashtidzhum, in Tadzhikistan territory, in the fracture zone 
which separates Pamir from the Upper Amu Darya Depression, where con- 
glomerates and grey sandstone of the Lower and Middle Jurassic are repre- 
sented, together with Upper Jurassic gypsum and «red rocks » of Lower 
Cretaceous age. It is perhaps possible to identify here also, our Pa-in-Shahr 
evaporitic formation and consequently the upper Karkar Formation, while 
the clastic formation of the Lower and Middle Jurassic seems to correspond 
to the Saighan Formation. In the Dashtidzhum area, therefore, in regular 
succession there are representatives of the Saighan Formation, the upper 
Karkar Formation and the « Red Grit », that is formations which have their 
widest distribution south-west of the territory considered here (east of Fayd- 
zabad) and in greater part outside Badakhshan. This fact is clearly related 
to the tectonic position of the Dashtidzhum area with respect to Badakhshan 
(Desio, 1965 a). The first is located in a tectonic zone to the west of the one 
in central-eastem Badakhshan which includes the area east of Faydzabad. 
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Regarding eastern Badakhshan, AncHipov, Leonov & NIkKONOV men- 
tion the dark slates outcropping between Zebak and Ishkashim which cor- 
respond to the Triassic part of this latter locality in Pamir. Red conglo- 
merates of uncertain age, which will be described in the paragraph con- 
cerning the Zebak region, overlie the slates discordantly. 


The Russian authors mention also other younger formations which, as 
it will be shown later, outcrop in western Badakhshan and especially in Ka- 
taghan region. 


The five formations which were previously established representing the 
Upper Devonian, the Lower Carboniferous, the Upper Triassic and the Up- 
per Jurassic have probably to be joined together with one or more forma- 
tions of Upper Carboniferous and Permian age. These formations, con- 
sisting of interbedded limestones and carbonaceous shales, sandstones and 
conglomerates, are logically interposed between the Kalawch limestone and 
the Furmoragh black shales and slates; it is possible, as mentioned above, 
that parts of these two formations include also horizons belonging to the Up- 
per Carboniferous and the Permian. In this case the sequence would be 
without breaks from the Upper Devonian to the Upper Jurassic. 


Nothing can be said, on the other hand, about the presence of horizons 
with sedimentary facies older than Upper Devonian for which no satisfac- 
tory evidence has been found up to now. 

In conclusion, the stratigraphical relationships, besides the tectonic ones 
already known (Desio, 1965 a), between the Central Badakhshan east of 
Faydzabad and Central Pamir are quite clear. 


Further evidence could be found if all the various formations present 
in the latter area were investigated in detail, although that is unnecessary 
considering the evidence given in the previous pages. Nevertheless, we 
wish to quote here a letter, dated 7th October 1965, sent to A. Desio by D. 
Nauivkin with his comments about the Geological Map of Central Badakh- 
shan (1964) of which he had received a presentation copy: 


« Many times I think about the cause of close connection of limestone 
(of) such different ages, which we see in (the) division “djl”. From (the) 
inserted little map of the tectonic position (it) is possible that (the) division 
“djl” is connected with “intensively tectonised bands”. If it is so, these 
bands are going to Bartang river, along this river and Sarez lake to Ak Bai- 
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tal pass, through all Central Pamirs. I studied this band or bands in the 
region of this pass. They are extraordinary. 


Blocks of Silurian shales and limestones, Upper and Middle Devonian 
limestones, Lower Carboniferous limestones, Upper Paleozoic (mostly Per- 
mian) limestone, sandstones and shales, Upper Jurassic limestones, all with 
typical faunas, Cretaceous red beds and Upper Cretaceous intrusives, all 
mixed without order, how in “vineyard”. I give to this band the name “Ak 
Baital zone of overthrusts’. (It is) interesting that this zone corresponds to 
the zone of earthquakes with very deep epicentres, 200-300 kilometers by 
the data of Soviet seismologists. It is possible that the main faults, con- 
nected with this zone, are going to such depth (uppermantle). 


I think that N. N. Leonov is not right. Alai and Hissar ranges are Her- 
cinian structures. They are divided from alpinian Pamirs structures by 
very long and big main fault, active seismologically ». 


This is the interesting letter sent by Nativxin. It has to be made clear 
that the symbol djl in the Geological Map of Central Badakhshan includes 
the following formations: Wuran Shahr limestone (Upper Jurassic), Sur 
Khan limestone, Kaferan limestone and Kalawch limestone (Upper Devo- 
nian). At that time the presence of Lower Carboniferous fossils in the Ka- 
lawch limestone and of Upper Triassic fossils in the Furmoragh black shales 
had not been ascertained yet. The latter rock-type had provisionally been 
included in the « Black slates » (bs). 

An examination of the various outcrops of Upper Devonian age in Cen- 
tral Pamir (BarkHAToy, 1963) shows that there are lithotypes, similar to the 
Kalawch limestone, represented by the limestones outcropping on the south- 
ern slope of the Jasgulem range, in the Vadut valley, where D. V. Nativ- 
KIN (in BaRKHATov, 1963) collected, among other fossils, specimens of Cyr- 
tospirifer verneuili Murch., Camarotoechia and Productella which could al- 
so be present in the Badakhshan fossiliferous locality (’). Such similarities 
are also shown by the limestones outcropping along the Vanch river which 
contain not only the species mentioned above but also the species of the 
other two genera present in Badakhshan. 

Regarding the Lower Carboniferous it can be said, according to S. S. 
KaraPetov, that in Akbaital the limestones of this age concordantly overlie 


(1) The snecimens are tan noorly preserved for tq he determined snecifically. 
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limestones of Upper Devonian age, which appears to be the case in Badakh- 
shan. Also the tectonic pattern of the Jasgulem range, as in Akbaital, is 
characterised by intense reverse faulting with the development of tectonic 
slices similar to what occurs in Central Badakhshan, in the area north of 
Furmoragh. 

The Upper Carboniferous of the Akbaital region is also represented by 
fossiliferous calcareous facies (mostly brachiopods) so that this horizon too 
could be present in the Upper Kalawch limestone of Badakhshan. 


The lithological composition of the Permian of Central Pamir is much 
more varied but its exposures are irregular. In the Sarez region it is repre- 
sented by slates, arenaceous slates and sandstone with calcareous intercala- 
tions containing some fossils of Lower Permian age. In the Muskol-Rang- 
kul area the Lower Permian consists of fusulinid limestones which are mis- 
sing in the Jasgulem region where the Devonian limestones are overlain by 
marly-calcareous beds of Lower Triassic age. 


There are then considerable breaks in the Permian sequence of Central 
Pamir and therefore it can be assumed that also in Central Badakhshan, to 
the east of Faydzabad, the Permian or most of it was never deposited. 


The fossiliferous Furmoragh black shales of Upper Triassic age corres- 
pond to a similar facies of Central Pamir where such stage is just represented 
by dark coloured shales and slates, occasionally carbonaceous, associated with 
fine- and medium-grained sandstone with fossil plants belonging for the 
most part to the Pterophyllum (BarxHatov, 1963); this genus is present 
(with two species) among the fossils found in Badakhshan. In Central Pa- 
mir this flora was assigned to the Carnian stage but the above mentioned 
formation represents the whole Upper Triassic. It is possible that the same 
is true also for Badakhshan where, to the north of Furmoragh, thick sequen- 
ces of black shales and slates are known to be present. Moreover it must 
be mentioned what Barxuatov said regarding this formation in Pamir, that 
is: «a weak regional metamorphism is normally characteristic in the Upper 
Triassic rocks: this notwithstanding the contact metamorphism gave rise in 
these rocks to schists and also to gneisses ». Similar observations, which 
will be reported in another paragraph, were made in the investigated area. 


These facts too prove that there is an evident continuity between the 
Upper Triassic outcrops of the Furmoragh black shales and slates with fos- 
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sil plants exposed near the Wuran Shahr pass and schistose formation of Cen- 
tral Pamir. 

Another outcrop of black slates located in the neighbourhood of Na- 
mangut, near the south-western end of Pamir, can be correlated with the 
black slate outcrops of Badakhshan which are also close geographically. In 
Pamir N. A. Kuorev (1956) found a fossil flora of Upper Triassic age which 
can be correlated with that found in the investigated area. 


The Wuran Shahr limestone of Upper Jurassic age will be examined 
now. The Upper Jurassic marine beds of Pamir more similar to those of 
Badakhshan appear to be those outcropping near the Akbaital pass where 
black limestones with intercalated shales are exposed with a Callovian fau- 
na. A lagoonal formation corresponding to the Pa-in-Shahr formation is mis- 
sing in Pamir. The Pa-in-Shahr formation could correspond only, as far as 
age is concerned, to the volcanic formations outcropping in the southern 
part of Central Pamir. 


Although the data gathered on the stratigraphy of the sedimentary for- 
mations in the area to the east of Faydzabad are not complete, the correla- 
tions established on the basis of these data with the formations known up 
to now in Pamir, only the younger horizon (evaporitic) is missing. This 
may indicate the beginning of a differentiation in the paleogeographic evo- 
lution of the two areas: the area we investigated appears to be more simi- 
lar to North Pamir, the Upper Amu Darya Depression and, to the south- 
west, to the Kataghan region where, as already known, the upper part of 
the Upper Jurassic is represented by an evaporitic formation. 

On the whole this short examination of the stratigraphic sequences of 
Central Pamir confirms their relationships with the investigated region al- 
though some differences consisting of the absence of some important hori- 
zons, are present, i.e. those representing the Permian. In this connection it 
must be remembered that Natrvxin in his letter and Barxnatov (1963) said 
that seldom complete sequences are to be seen in Central Pamir and often 
the various formations, mainly of Palaeozoic age, belong to tectonic slices, 
imbricate structures and fault-blocks more of less separated. What was said 
above leads to the assumption that also in our area similar conditions exist. 
It should, moreover, be assumed that in the investigated area the tectonic 
features are better developed (Desto, 1965 b) since all the formations present 
in Central Pamir are also exposed in the much smaller area of Badakhshan. 
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fB. AREA WEST OF FAYDZABAD. 


In the region to the west of Faydzabal in Central Badakhshan and eas- 
tern Kataghan, the various formations are represented by a series of beds 
which are more complete than those in the eastern region because the tec- 
tonic structure involves folds which are broader and less disturbed by faults. 
Also in this region the sedimentary formations lie with an angular discor- 
dance on a crystalline basement, generally represented here by the Farkhar 
Slate, which shows low grade metamorphism. 


The sedimentary formations of the area situated to the west of Faydza- 
bad are of normal facies except the epimetamorphic Farkhar Slate, and have 
been mapped in greater detail, thus they represent well defined units. 
They are listed below in chronostratigraphic order, starting with the oldest. 
The Pleistocene continental deposits have been omitted from the list, ex- 
cept for the Talugan Gravel, eat are described in the chapter dealing with 
the Pleistocene. 


a) Farkhar Slate, 

b) Shinghan Conglomerate, 
c) Qara Bulaq Sandstone, 

d) Gazestan Formation, 

e) Mashad Limestone, 

f) Mohammed Aba Sandstone, 
g) Baba Darwes Formation, 
h) Bluti formation. 

i) Kokcha Formation, 

1) Taluqan gravel. 


As mentioned previously some of these formations are coeval and pass 
laterally, more or less gradually, from one to another. The order of succes- 
sion, therefore, from top to bottom does not correspond exactly to the chrono- 
stratigraphic succession as one would gather from Fig. 4. 


The sedimentary formations which overlie the Farkhar Slate are not al- 
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ways the same; generally they are the Shinghan Conglomerate, the Qara Bu- 
laq Sandstone and the Kokcha Formation. 

As far as the age is concerned they range through from the Middle and 
Upper Jurassic, Lower and Upper Cretaceous, Palaeocene, Middle — Upper 
Eocene to Neogene. Many formations.in the region to the west of Fayd- 
zabad have yelded identifiable mega and microfossils from which it has 
been possible to determine in some cases with precision, in others approxi- 
mately, the ages of the units. 
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Fig. 4 - Scheme of the sedimentary formations west of Faydzabad. 


In the list of lithostratigraphical units which compose the formations 
the fossils are mentioned, but a more extensive palaeontological documenta- 
tion can be found in the second volume of the fourth part of this present se- 
ries. However, in the appendix to the present chapter there is a description 
of the microfacies in which the results of the micropalaeontological studies 
of various samples necessary for the better interpretation of the lithotypes 
and a list of the fossiliferous localities with their contents are presented. 
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2. DESCRIPTION OF THE FORMATIONS. 


2.1. Farkhar Slate (Fs). 


InTRopuction, — In the Kokcha valley downstream from Faydzabad in 
the upper Hazara valley, and in the valleys of Wakhshi, Mashad and Far- 
khar, under a cover of Mesozoic and Tertiary (and Quaternary) deposits are 
extensive outcrops of a considerable thickness of dark coloured more or less 
well metamorphosed rocks. These rocks which are also in contact with the 
Jalmish Tonalite, the Kakhan Quartz Diorite and the Petwan Blastomylonite, 
are represented predominantly by dark arenaceous slate, black calcareous sla- 
te, quartzite and some conglomerate and sandstones. 

This unit has been called here the Farkhar Slate, after the valley in 
which this rock complex outcrops with very considerable thickness exposed 
over a large area. It represents a true formation because of its relati- 
vely uniform lithological composition. These rocks are very similar overall 
to the black slates and shales widely distributed in the Hindu Kush, western 
Karakorum and Pamir region (Wakhan Slate, Misgar Slate, Singhie Sha- 
les etc.), but they resemble more closely those outcropping in the area to the 
east of Faydzabad (Shiwa valley, Jurm valley). These, however, show — at 
least in part — facies slightly Jess metamorphosed than the Fakhar Slate li- 
thotypes and that is why the two rock groups mentioned above have been 
distinguished here, also as will be discussed later, because of their different 
ages. 


TyPE-SECTION. — A stratigraphical section was surveyed in the Farkhar 
Slate in the Khurmab valley, between the villages of Farkhar to the west and 
Ardi Shan to the east (Fig. 5). The geographical coordinates are 69° 61' east 
Long., 36°34’ north Lat. The section starts from the alluvium of the Far- 
khar river, passes over the mountain called Koh-i-Shagarak (1291 m), imme- 
diately above and the east of Farkhar village where it continues along the 
right hand side of the Khurmab river valley until it encounters the Jalmish 
Tonalite, just before Ardi Shan is reached. 

From the top to the base the rock stratigraphical sequence is as follows 
(from east to west): 
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Fig. 5 - Type-section of the Farkhar Slate. 
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— Jalmish Tonalite; the contact dips to the west at 45”. 


6) monotonous fine-grained arenaceous quartz-sericite slate both black and 
greenish in colour, with interbedded calcareous slate, about 2000 m; 


5) Very compact epimetamorphic quartz conglomerate, reddish-grey in co- 
lour (61 AE-82/1) with fragments of quartz (prevalent) and black slates, a 
few centimetres in diameter, 30 m; 


4) Epimetamorphic quartzose-feldspathic fine-grained sandstone grey-green 
in colour (61 AE-82/2), 30 m; 


3) Epimetamorphic quartzose-feldspathic sandstone grey-green in colour (61 
AE-82/3) (30 m thick); 


2) Laminated quartzite (61 AE-82/4), 2 m; 


1) Epimetamorphic quartzose-feldspathic sandstone (61 AE-82/5) purplish 
and reddish in colour, 50 m; 


— Farkhar river Alluvium. 


In the Farkhar section the Farkhar Slate is more than 2150 m thick. It 
appears to outcrop also, at least in part, on the mountains which form the 
western side of the Farkhar valley. The beds dip towards the east with dips 
which increase from the west (at Farkhar village the dip is 30°, 3 km away 
45°). Near the contact with the Jalmish Tonalite the Farkhar Slate dips 
steeply (60°- 80°) towards the east. The contact surface however dips towards 
the west at 45°. Units 1 to 5 inclusive in this section compose the Kho-i- 
Shagarak (1291 m) which rises to the east above the village of Farkhar. In 
particular, unit 5 (the epimetamorphic quartzose conglomerate) outcrops 
right at its summit and the beds dip towards the east at 30°. 


AREAL DISTRIBUTION AND STRATIGRAPHICAL Position. — Throughout the 
extensive outcrop area the Farkhar Slate displays a monotonous sequence 
oflithologies invariably dark grey or dark grey-green in colour, with a pre- 
dominant amount of fine-grained arenaceous quartz-sericite slate and arena- 
ceous quartzose feldspathic slate. In the valley of the Shor river, near Ga- 
zestan, Idel and Astana Tepa, the Farkhar Slate is overlain discordantly by 
the Shingham Conglomerate, while in the area between Kalafghan and 
Kishem, it is covered invariably with an angular discordance by the sand- 
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stones of the Qara Bulaq Formation. In the Farkhar valley also (in the Shin- 
ghan area) the Farkhar Slate underlies the conglomerates and sandstones of 
the same Shinghan and Qara Bulaq formations, but the visible contact, at 
least on the right side of the valley, is a fault. In the region further to the 
north, between Kishem and Tughak (in the Kokcha valley, 30 km west- 
northwest of Faydzabad), the Farkhar Slate is overlain invariably with an 
angular discordance by the youngest deposits of the Kokcha Formation 
(Neogene). 

The eastern limit of the Farkhar Slate outcrop area between the valleys 
of Farkhar, Mashad, Hazara, and Kokcha, is marked by its contact with 
igneous rocks of the Jalmish Tonalite, the Kakan Quartz Diorite, and in the 
valleys of Mashad and Hazara also by mylonitised and_blastomylonitised 
rocks (Petwan Blastomylonite). 

In the Mashad valley, a kilometre to the south of Darrah-i-Shab Baba, 
the Farkhar Slate can be seen with a contact aureole, injected by leucogra- 
nitic material from the Jalmish Tonalite, which, a kilometre to the west of 
Darrah-i-Jim, penetrates the Farkhar Slate with a massive dyke several tens 
of metres thick and several hundreds of metres long. 

However in the same Mashad and Farkhar valleys occasionally the Far- 
khar Slate appears underneath the Jalmish Tonalite as a result of local tec- 
tonics because the strongly folded beds are overturned and lie under the 
igneous body mentioned above (see the geological sections). 


Remarks. — On his geological maps on a scale of 1:250.000 C. Hinze (1964) 
indicated the conglomerate of the Farkhar formation as a Jurassic deposit 
of continental facies, interpreting it as a southerly extension of the outcrops 
situated a few kilometres north-west of Farkhar, near Shinghan. In this 
connection it must be mentioned that among the rocks which compose the 
pebbles of the Jurassic Shingan conglomerate (see Shingan Conglomerate), 
granodiorite pebbles are found, whereas they are completely absent in 
the conglomerate of the Farkhar Slate (unit 5). Moreover, this latter unit 
is epimetamorphic whereas the Shinghan Conglomerate is not. 


Ace. — Although the formation does not contain fossils its age can be part- 
ly determined from its relationships with the rocks with which it is in con- 
tact. We have observed in fact how it is regularly found below all the local 
sedimentary formations of known age. Thus near Gazestan, Idel and Asta- 
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na Tepa it is discordantly overlain by the Shingan Conglomerate of Jurassic 
age, which is of particular interest since it is the oldest formation outcrop- 
ping in the territory mapped during this study to the west of Faydzabad. 

We have discussed above (page 49) the relationships between the Far- 
khar Slate and the Jalmish Tonalite, from which it is clear that the slate 
formation is older. The age of the Jalmish Tonalite was determined using 
radioisotopic methods (Desio, Toncionci & FERRARA, 1964) and the results 
indicate a late Hercynian or Lower Triassic age. 

In conclusion therefore the Farkhar Slate is pre-Triassic. 

C. Hinze (1964) attributed the black slates of the Farkhar valley 
(Farkhar Slate) to the Helmand Series which H. Haypen (1911) referred to 
the Carboniferous, Popo. & Tromp (1954) to the Lower Devonian and E. 
Martina (1963) to the Carboniferous. Such conclusion are of little value 
when they concern similar lithotypes present at different horizons. The ar- 
gument will be discussed in a later paragraph (page 186). In any case, ac- 
cording to Hinze (1964), the Farkhar Slate must be older than the fossilife- 
rous sandstone formations of Permian age in Chasma Gawan (Ishkamesh) 
and younger than the micaschists with marble provisionally attributed by 
him to the Cambro-Silurian; because these latter rocks are affected by re- 
gional metamorphism whereas the Farkhar Slate might perhaps belong — 
according to Hinz—E — to the Devonian-Carboniferous interval. 

Mirzop, Kotcuanov & MaArucHaryANTz (1968) also discuss this forma- 
tion and compare it with the Upper Devonian — Upper Carboniferous series 
in the Farand chain on the left bank of the Surkhab river, and conclude 
that it is probably of Carboniferous age. 

We have no other data than those recorded above by which to judge 
these results. 


2.2. Shingan Conglomerate (Sf). 


Type-SEcTion, — The type-section, 100 m thick, was measured near Shin- 
gan in the Farkhar valley (69° 48’ east Long., 36° 37’ north Lat.). 

The base of the section is not exposed at this point because the alluvial 
deposits of the Farkhar river mask the contact with the underlying Farkhar 
Slate. 


52 SEDIMENTARY FORMATIONS 






SHINGAN CONGLOMERATE 
AGE : MIDDLE JURASSIC 
Type-section 





QARA BULAQ SANDSTONE en 


_ 



















100 





GEOGRAPHICAL COORDINATES: 
lat. 36°37'N — long. 69°46'E Greenw. 


- 86/3 
- €66/5 ; EO6s4 Gy 


i 


“3-¥- 





ee 


arrah 











SEAR EER 
BRAPEL AY 
(oo FoF) 


Quartzose sandstone 









conglomerate 








® plant remain 


= granodiorite pebbies 


0h9P5 00% 





Fig. 6 - Type-section of the Shingan Conglomerate. 
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From the top to the base stratigraphical sequence is as follows (Fig. 6): 
— Qara Bulaq Sandstone; 


2) Grey and grey-green conglomerate analogous in composition to the un- 
derlying beds with intercalations of fine-grained, greenish, micaceous sand- 
stone (61 AE-86/2), containing poorly preserved remains of fossil plants (61 
AE-86/4) and small pelecypods (61 AE-86/5), 40 m; 


1) Grey and grey-green conglomerate (61 AE-86/1) with rounded pebbles, 
some of them up to 8 cm in diameter, composed of black slate, quartz and 
granodiorite, regularly bedded, 60 m; 


— Farkhar river alluvial deposits. 


The Shinghan Conglomerate passes gradually near the top into the red 
sandstones of the Qara Bulaq Sandstone, which can be seen both near Shin- 
ghan and Aq Bulaq. 

At the base, on the other hand, the Shingan Conglomerate rests un- 
conformably on the Farkhar Slate, as can be seen at Gazestan where, on 
top of the Farkhar Slate there are 10 metres of sandstone (61 AE-81/1) and 
50 metres of conglomerate with granodiorite pebbles (61 AE-81/2), which is 
followed by alluvial deposits and the Gazestan Formation. Also, at Idel, 
south of Astana Tepa and Aq Bulaq, the Shingan Conglomerate unconform- 
ably overlies the Farkhar Slate. 

South of Kalafghan the Shingan Conglomerate thins out until it disap- 
pears and is replaced by the lowest beds of the Qara Bulaq Sandstone 
(units 1-3). 

The rocks which compose the pebbles of the Shingan Conglomerate 
outcrop in the area between Kishem and the Farkhar valley. 


AREAL Distripution, — The Shingan Conglomerate outcrops most extensiv- 
ely along the right bank of the Farkhar river around Shingan (’) in the area 
studied. It is also present near Gazestan, Astana Tepa and above a rocky 
spur between Astana Tepa and Kalafghan. 


Remarks. — The Shingan Conglomerate which was examined in its most 


(1) The village is sited on the opposite bank of the river. 
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westerly exposure along the right bank of the Farkhar river appears to be 
present also on the opposite bank where, for various reasons, access was not 


possible. 


That area, however, was the basis for a study by C. Hinze (1964) in 
which he described amongst other things a clastic deposit of black shales, 
light-grey sandstone and conglomerate with thin beds of coal which were 
referred to the Saighan Series of Haypen (1911). 


The correlation of the formation described here with that described by 
Hinze, or at least a part of it, is strengthened by the presence in the Shingan 
Conglomerate, in the Farkhar valley, of poorly preserved remains of fossil 
plants (horizon 2 of the type-section). 

Hinze also has attributed the conglomerate which outcrops on the Koh- 
i-Shagarak (1291 m) situated to the east of the village of Farkhar to this for- 
mation, on the right bank of the river. It is really an epimetamorphic quartz- 
ose conglomerate, without granodiorite pebbles which is intercalated in the 
Farkhar Slate and not overlying it transgressively like the Shingan Conglo- 
merate. This lithotype is represented by unit 5 of the Farkhar Slate type- 
section (page 49). 


AcE. — On the geological maps published in 1964 and in the preliminary 
notes (DEsio, Martina & PasquareE 1964) the Shingan Conglomerate was 
attributed to the Lower Cretaceous. 


As a result of a lack of secure chronological references since the plant 
and animal fossils collected during this study have proved indeterminable, 
all the arenaceous-conglomeratic deposits of the Gazestan Formation have 
been interpreted as clastics deposited immediately before the Albian-Ceno- 
manian transgression, that is of Lower Cretaceous age. 

Now, however, on the basis of what has been presented above, it is 
possible to deduce that the age of the Shingan Conglomerate must be the 
same as the clastic formation which outcrops in the region situated to the 
west of the Farkhar river, near the localities of Takatoymast, Kohna, Que- 
shaq and Tamburak. The age of this latter formation is based on the fos- 
sil flora studied by L. Benpa (1964) and referred to the Dogger. It is also 
possible that in the Saighan Formation in the region studied the Lias is 
also present, however, according to Benpa this cannot be confirmed because 
the evidence is insufficient. 
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THE RELATIONSHIP BETWEEN THE SHINGAN CONGLOMERATE AND THE SAIGHAN 
ForRMATION. — Some discussion is necessary to define the relationship 
between the Shingan Conglomerate and the Saighan Series of Haypen 
(1911). The first question is whether the Saighan series is a stratigraphical 
unit which corresponds to a formation. C. Hinze (1964) writing in German 
used the term Saighan Series on his geological map (plate 16), but he trans- 
lated it into English as the Saighan Formation. D. We1ppert (1964) wrote 
Saighan-Schichten, that is Saighan beds or Saighan Series with reference to 
HayDEN’s nomenclature. However, it is obvious that we are dealing with a 
formation of clastic continental origin often containing beds and lenses of 
coal. 


Without going into great detail, it must be asked if the term Shingan 
Conglomerate should be suppressed or retained as distinct from the Saighan 
Formation. The answer is that the two formations are not the same, since 
the Saighan Formation of the type-area is characterised by a predominance 
of fine-grained rocks in comparison with the coarse-grained ones, whereas 
the inverse is true in the case of the Shingan Conglomerate. Furthermore 
in the latter there are no tuffs or coal. There are however remains of fossil 
plants. Moreover, the base of the Shingan Conglomerate does not cor- 
respond to the base of the Saighan Formation; in the area surveyed the 
lower beds of the Saighan Formation are probably missing, as well as all 
the Doab Formation is missing. 

Another difference between the Shingan Conglomerate and the Saighan 
Formation is the presence in the first of granodiorite pebbles, which ac- 
cording to Popo: and Tromp (’), are missing from the Saighan Formation, 
while they are present in the Red Grit, 70 m above the base (Ishpushta). 
We must, however, note that presence or absence of plutonic rocks in an area 
in which such rocks of different ages outcrop cannot be taken as a rule, 
especially when the conglomerate deposits are many kilometres apart. 

In spite of these differences, it is considered probable that the Shinghan 
Conglomerate represents a part; perhaps it might be called a member of 
the Saighan Formation, well enough defined, at least in the area studied, to 
merit being maintained as a distinct lithostratigraphic unit for further de- 
tailed studies. 


(1) They spcak about granite (1954, p. 377). 
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2.3. Qara Bulaq Sandstone (Qf). 


TypE-SEcTION. — The type-section, 190 m thick, was measured near the 
small village of Qara Bulaq, west of Kishem (7° 02’ east Long., 36° 45’ north 
Lat. (Fig. 7). 


From the top to the bottom the stratigraphical sequence is as follows: 


— Mashad Limestone; 
5) fine-grained, massive, not well bedded reddish quartz-sandstone, 20 m; 


4) thick beds (61 AE-49/5) of conglomerate whose components are pebbles 
of white and reddish quartz and black slate up to 5 cm, embedded in a 
reddish quartzitic-arenaceous cement, 20 m; 


3) fine-grained, massive reddish sandstone with thin intercalations of fine- 
grained conglomerate consisting of pebbles of white quartz embedded 
in a reddish quartzitic-arenaceous cement, 20 m; 


2) green and red arenaceous shale (61 AE-49/4) with intercalations, mainly 
in the upper part, of green and red quartzitic sandstone in beds from 10 
to 20 cm thick, 100 m; 


1) poorly cemented light-green quartz-sandstone (61 AE-49/3) and fine-grai- 
ned, green quartzitic-arenaceous breccia with embedded small pebbles 
of white, black and pink quartz, 30 m; 


— Farkhar Slate (61 AE-49/1, 49/2). 


In the Qara Bulaq and Kishem regions the Qara Bulaq Sandstone is un- 
conformably overlying (angular unconformity) the Farkhar Slate. To the 
south-west of Aq Bulaq as far as the Farkhar valley, this formation overlies 
a 50 m thick bed of Shingan Conglomerate. 

In the Qara Bulaq and Kishem regions the Qara Bulaq Sandstone under- 
lies the Mashad Limestone; on the contrary, in the area between Qara Bu- 
laq and Aq Bulag, its upper part passes into the Mohammad Aba Sandstone 
and, locally, the Gazestan Formation as it is visible on the rock-wall over- 
looking to the north-east the cross-road to Farkhar along the carriage road 
between Talugan and Kishem. 
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Fig. 7 - Type-section of the Qara Bulaq Sandstone. 
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Orner Sections. — In order to illustrate better these other sections, it is 
useful to describe here the most representative part of this formation sur- 
veyed, downhill from the mountain top marked 1892 m, along the rocky slo- 
pe descending to the south-east, towards Qara Tut and overlooking, to the 
west, Baba Darwes. From the top to the bottom the stratigraphical se- 
quence is as follows (’). 


— Gazestan Formation; 
6) red sandstones and argillites (61 AD-48/8), 49 m; 
5) grey-green, fine-grained quartzitic sandstone (61 AD-48/6), 10 m; 


4) breccia consisting of white quartz and scarce black argillite fragments 
passing into conglomerate and whitish quartzitic sandstone (61 AD.- 
48/5), 2 m; 


3) light-grey, fine-grained quartzitic sandstone with plant remains and im- 
pressions (61 AD-48/4), 3 m; 


2) whitish and greenish, quartzitic siltstone with clayey cement (61 AD-48/ 
3), 6 m; 


1) grey-greenish quartzitic sandstone (61 AD-48/1, -48/2), approximately 
150 m; 


— Farkhar Slate. 


CoRRELATIONS WITH THE SURROUNDING FORMATIONS. — At this locality the 
Qara Bulaq Sandstone overlies the Farkhar Slate without the interposition 
of the Shingan Conglomerate. We must point out that in horizon 3 are pre- 
sent plant remains and impressions which were also observed in the Shin- 
gan area, where remains of plants are present in horizon 2 of the Shin- 
gan Conglomerate. We can therefore assume that a lateral facies variation 
of the Shingan Conglomerate into the Qara Bulaq Sandstone occurs pro- 
ceeding from Shingan towards Kishem, that is from south-west to the north- 
east. Finally, between Astana Tepa and the Farkhar valley, the Qara Bu- 
laq Sandstone underlies the Gazestan Formation as it is well visible on the 


(1) A detailed description of the microfacies found in the samples collected here is shown in 
the Micropalaeontological Appendix 2. 
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rock-wall overlooking to the north-west the cross-road to Farkhar along the 
road between Talugan and Kishem. 

From the point of view of stratigraphic correlations, the two cross-sec- 
tions described above lend themselves to be interpreted in three different 
ways. The first interpretation is that the beds of the Qara Tut section 
could be equivalent to those of the type-section although the former beds, 
with the exclusion of the upper horizon, do not have the characteristic red 
colour (horizon 6). In this case the Shingan Conglomerate would be ab- 
sent: we could assume that in the Qara Tut area it was removed by erosion. 

On the other hand the Qara Tut section could be inclusive not only of 
the type-section beds, but also of the Shingan Conglomerate. 

Both interpretations are supported by the fact that fossil plant remains 
are present in horizon 8 of the Qara Tut section; we believe that the second 
interpretation is the most satisfactory as the red colour of the rocks is not 
present in the whole type-series and, especially in the lower horizons, is 
partly replaced by green and grey colours which are most prominent in the 
Qara Tut section. Such close relationships of lithological composition can 
have a considerable meaning. 

ArEAL DistripuTion. — The Qara Bulaq Sandstone outcrops in the area 
between Kishem and the Farkhar valley; according to our interpretation it 
does not extend further west. 


AcE. — Only poorly preserved fossils are present in the Qara Bulaq Sand- 
stone and no determinations were possible; we used as markers the fossil 
plant remains. 

As previousiy mentioned, proceeding from Kishem towards the Farkhar 
valley, the lower part of the Qara Bulag Sandstone grades into the Shingan 
Conglomerate. Therefore the lower part of this formation has the same 
age as the Shingan Conglomerate, that is Middle Jurassic (Saighan Forma- 
tion). The indeterminate plant remains present in horizon 3 of the Qara 
Tut section could confirm their correlated age. 


Consequently, the upper part of the Qara Bulaq Sandstone, where the 
reddish colour of the arenaceous deposits begins to prevail, should correlate 
with the detrital deposits of Lower Cretaceous age (Red Grit facies). It is 
difficult, using the data available, to define, in the investigated area, the 
chronostratigraphic limit between the Middle Jurassic and the Lower Cre- 
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taceous; perhaps only part of the Upper Jurassic clastic sediments are pre- 
sent between the two. As a result of this fact the lower and upper parts 
of Qara Bulaq Sandstone were not differentiated on the geological map en- 
closed in this report; lacking precise chronological dating, they were as- 
signed to the Lower Cretaceous together with the Shingan Conglomerate be- 
cause, at that time, the Jurassic fossil floras on the left bank of the Farkhar 
river were not known (Hinze and Brenna, 1964). 


However it is probable that the boundary between the Middle and per- 
haps Upper Jurassic and the Lower Cretaceous, difficult to define as both 
are similar arenaceous deposits in contact with each other, coincides with 
the locally outcropping reddish conglomerate horizons (horizon 4 of the Qa- 
ra Tut section; horizons 3 and 4 of the Qara Bulag section). 

Finally, the lower part of the Qara Bulaq Sandstone which represents 
a lateral facies variation of the Shingan Conglomerate, grading from arena- 
ceous into conglomeratic, and containing, as in the latter one, fossil plant re- 
mains, is ascribed to the continental facies of the Middle Jurassic; this Mid- 
dle Jurassic facies can be correlated with the upper part of the Saighan For- 
mation also, if between them there are remarkable lithologic differences 
which could allow us to differentiate them. The upper part of the Qara Bu- 
laq Sandstone, beginning probably from horizon 4 of the Qara Tut section 
and from horizons 3 and 4 of the type-section, represents, on the contrary, 
the clastic sediments (Red Grit facies) of the Lower Cretaceous beds under- 
lying the deposits of the Albian-Cenomanian transgression (see Gazestan For- 
mation). 


THE RELATIONSHIPS BETWEEN THE QaRA BULAQ SANDSTONE AND THE « RED 
Grit ». — « Red Grit » is a widely used stratigraphical term in northern Af- 
ghanistan; it was introduced in 1886 by C. L. Griessacu and then also used 
by H. H. Haypen (1911) and other authors (Popor & Tromp, 1954; DeEsio, 
1961). It does not seem that this term was interpreted in the same way by 
the various authors either because the correlations made were very far apart 
or because the red colour is not confined to the same stratigraphic horizon. 

In order to establish its characteritics we shall refer to a type-series de- 
scribed by the author who first used this term. GrresBacH (1886, page 56) 
uses for the first time the term « Red Grit » in connexion with the Band-i- 
Baba, in northwestern Afghanistan, where the « Red Grit group » consists 
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of three arenaceous-conglomeratic horizons derived from volcanic rocks. 
Only the lower horizon shows the characteristic red colour; the upper one is 
blue-green coloured and the middle one is dark green or red. The « Red 
Grit group », which has been assigned an Upper Jurassic and Neocomian age 
in the Band-i-Turkestan region, grades upwards into clastic deposits ascri- 
bed to the Lower Cretaceous, while further to the east, in the Doab region, 
it is apparently discordantly overlain by the Cretaceous limestone. Also in 
the Band-i-Turkestan region the « Red Grit group» presents, according to 
GRIESBACH, the same clastic facies with volcanic material, also as tuffs, and 
contains some poor remains of plants, for the most part only impressions of 
straight stalks and carbonised matter. 

In this region, below the « Red Grit group », there are grey micaceous 
sandstone and thick beds of greyish-blue grits with intercalations of friable 
black shales which evidently represents the Saighan Formation. 

Haypen (1911) with reference to the Doab region (Ishpushta) charact- 
terised the red sequence by the name of « Red Grit Series » pointing out 
that « the plant bearing series (Saighan Formation) grades up, through peb- 
ble-beds, into a great thickness if intensively red rocks, consisting chiefly 
of grit, pebbly sandstone and conglomerate and probably belonging to the 
Cretaceous ». 

As regards the upper part of the « Red Grit » Haypen writes (1911, pa- 
ge 36): « The uppermost beds of the Red Grit series are a red limestone 
overlain by a red pisolitic rock very like “low level” laterite. This is overlain 
by a conglomerate followed by sandstone and gypsum, overlain in turn by 
limestone. There appears to be a slight discordance at the base of the con- 
glomerate, which, together with the sandstone and gypsum, seems to be- 
long to the overlying limestone. Often, however, these beds are absent and 
the limestone, which is usually a flaggy rock made up of comminuted frag- 
ments of shells, lies unconformably on everything below. There is thus, at 
the base of the limestone, a well marked overlap, representing the great Cre- 
taceous transgression which affected such a wide area in Central Asia and 
which is usually attributed to the Cenomanian period ». 

Popo and Tromp (1954, page 378) attributed to the « Red Grit series » 
a thickness varying from 80 to 320 m and consisting of « greenish clay, in 
places rich in gypsum beds, alternating with reddish sandstone. Sandstone 
usually dominates, except near Ishpushta, where a few conglomerates inter- 
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calations seem to occur in this section; near the top, beds plant fragments and 
thin coal seams have been found ». 

A stratigraphic section in the Red Grit was surveyed uphill from Bar- 
faq by A. Desio (1961, pages 28-29) and another one by E. Marrina (page 
114). These investigations show that at this locality its thickness is much 
less (12 m) and that its composition is arenaceous-conglomeratic. The « Red 
Grit » is underlain by the Saighan Formation and overlain by more than 
two metres of sandy clays and yellow and green conglomerates which are in 
turn overlain by the fossiliferous calcareous series of the Upper Cretaceous. 

We must now mention that the « Red Grit » is also present (DeEsio, C1- 
ta & PreMmo.t Sitva, 1965) in the stratigraphic section in the neighbourhood 
of Karkhar, located between the Doab region and the Badakhshan. Here a 
succession of red beds more than 200 m thick, having a prevailing arena- 
ceous-conglomeratic composition and overlying the upper member of the 
Karkar Formation, have been ascribed to the « Red Grit». This latter one 
was deposited in a lagoonal environment and overlies typical marine sedi- 
inents while the « Red Grit » is considered to be deltaic environment and, in 
part, probably, of continental origin; unconformably overlying other sedi- 
ments of Lower Cretaceous age. The « Red Grit» in turn, is overlain 
by a group of clastic beds which we consider to correspond to the « Green 
Beds » of Griespacu, transgressive onto the « Red Grit » and of Cenoma- 
nian—Turonian age. In this area the red colour of the rocks is not limited 
to the « Red Grit » but is also present in other horizons and in the Karkar 
Formation. 

G. GaBert (1964) ('), in a report concerning the same area of Karkar, 
includes also in the « Red Grit » our upper Karkar Formation. Taking in- 
to consideration its lagoonal facies and the unconformity, we prefer to link it 
with the underlying neritic beds rather than with the overlying deltaic-con- 
tinental ones; we interpret it as the last deposit of the marine cycle. 

We can conclude that the « Red Grit » has everywhere a clastic litho- 
facies and prevalent red colour. In the investigated area the lower limit 
is at the top of the Saighan Formation whereas the upper limit varies from 
place to place and there is disagreement among the authors about its stra- 


(1) This report, wich is dated 20th November 1964, was released at least in Italy, only in June 
1966 when our publication on the Karkar Formation was seven months old. 
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tigraphic position. Regarding the age, with the exception of GriesBacn, 
all the authors think it is Lower Cretaceous. 

D. Weiprert discussed at lenght the « Red Grit» in a report (1968) 
describing the Cretaceous sediments of the north Hindu Kush foreland. 
The author founded his interpretations on data reported by previous authors, 
especially on data collected by his German colleagues, omitting all the Ital- 
ian reports (even those in English) which deal with this problem (DeEsio 
1960; Rossi Roncuerti & Fantini SEsTini 1961; Desio, Martina & PasqQua- 
RE 1964a and 1964b) and listed also in the previously published accurate 
bibliographic revision by M. Karver (1967b). However, WEIPPERT con- 
siders the « Red Grit » as a facies and therefore finds this type deposit 
repeated also in higher horizons of Lower Cretaceous age. Red clastic de- 
posits of the « Red Grit » type are thus also reported in the Pull-i-Khumri 
Formation as intercalations in the beds of Cenomanian and Maastrichtian 
age. 

It is doubtful whether there is any need to modify the primary strati- 
graphic meaning given by Griessacu to the term « Red Grit » which was 
changed by Werppert from a lithostratigraphic horizon term into a facies 
term. The term « Red Grit » could have been retained in its primary mea- 
ning if a different nomenclature had been used for the « red clastic facies » 
present in northern Afghanistan. The term « Red Grit » is applicable to a 
group or a formation of deltaic or continental type and thus subject, due to 
these characteristics, to considerable variations not only in composition but 
also in its upper and lower boundaries. This latter facies is also present in 
horizons different from those described by We1prent in the Pamir and Tad- 
zikhistan. 

Bearing in mind what has been said previously, we think it is advisable 
to retain Qara Bulaq Sandstone, which has well defined upper and lower 
boundaries, as a separate local formation. This formation represents the 
« Red Grit » only in part, including perhaps in its lower section, a part of 
the Saighan Formation (to the east) and not reaching the uppermost parts 
of the northern Afghanistan stratigraphical series, as the original « Red Grit » 
does. 


Remarks. — In reconstructing the distribution of the various Cretaceous fa- 
cies, WEIPPERT emphasized the marginal position of the « Red Grit facies » 
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in the north Afghan basin (1968, fig. 4), its gradual areal reduction and the 
substitution by the calcareous facies ranging in age from the Lower Creta- 
ceous to Palaeocene. 

Deposits with red clastic facies, as the « Red Grit » of Lower Creta- 
ceous age, are however present also to the north of the Amu Darya, in the 
Tadzhikistan part of the Upper Amu Darya Depression (S.J. Juin et al, 
1947). Here too they are represented by a « red-coloured deltaic facies » 
which to the west gradually changes into thin marine deposits. According 
to Jun the sinking of the region between the montainous areas of Pamir 
and Hissar—Alai, which included the South Tadzhik Depression and the 
south-western spurs of the Hissar range, caused the development of a large 
delta in which a thick series of red deltaic sediments are present. The 
composition of the sediments indicates that most of them came from an 
emergent region to the north-east: the deposit also reaches its maximum 
thickness in that direction (800-900 m). Other rivers descended from the 
northern and south-eastern parts of the Alai range. 

Similar phenomena also occurred in the southem part of the Upper Amu 
Darya Depression where the region investigated by us is located. 


2.4. Gazestan Formation (Gf). 


TyPE-SEcTION. — The type-section was surveyed in front of the village of 
Gazestan, in the Shor valley (69° 47’ east Long., 36’41' north Lat.). — Its 
thickness is 175 m (Fig. 8). 

From the top to the bottom the stratigraphical sequence is as follows: 


— Baba Darwes Formation; 


7) reddish conglomerate and sandstone, crystalline white gypsum and grey 
and white zoned microcrystalline gypsum, 30 m; 


6) grey-brown, well bedded massive limestone lighter coloured when 
altered, 10 m; 


5) white crystalline gypsum, 5 m; 


4) reddish sandstone and marl with some lenticular gypsum, 40 m; 
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Fig. 8 - Type-section of the Gazestan Formation. 
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3) conglomerate with quartz-pebbles, black slate, granodiorite and grey- 
green, coarse quartzitic sandstone, 50 m; 


2) white crystalline gypsum and white and grey zoned microcrystalline gyp- 
sum, 5 m; 


1) red, green and grey mar] and sandstone (61 AE-79), 35 m; 


— alluvial deposits of the Darya-i-Shor. 


The Gazestan Formation is overlain, perhaps unconformably, by the Ba- 
ba Darwes Formation and overlies the Qara Bulaq Sandstone (Fig. 8). 

In the Astana Tepa area the Gazestan Formation increase in thickness 
until it reaches 200-300 m due to the considerable development of gypsum 
and rock-salt lagoonal deposits (Plate I, fig. 2). Rock salt is being mined 
out of a lens just above the village of Astana Tepa. 

The rock-salt, reddish or greyish or greenish, appears rather impure due 
to the presence of clay (61 AD-53). Its visible thickness averages 12 m and 
the beds are poorly defined and sub-horizontal. 

The rock-salt lens is completely envelopped in reddish, impure and ear- 
thy ochraceous clay. Above the rock-salt there are irregular beds of gyp- 
sum. At approximately 100 m above the mine we found blocks of brown 
limestone containing Cretaceous fossils. About the position of the evaporit- 
ic body among the other formations we can suppose that it was subject 
to a small lifting displacement as a diapiric effect. 


The Kalafghan or, more precisely, the Astana rock-salt mine is located one and 
half kilometres to the north of Archa Kotal village. Mining is carried out in trenches 
and on a small scale (Plate I, fig. 1). Small furrows 15 cm deep are cut by hand with 
the help of small pickaxes at intervals of 30 and 60 cm respectively at the bottom of 
the trench in order to separate blocks of rock-salt measuring 15 x 30 x 60 cm and 
and weighing about 22-25 kg. The blocks are hand-carried out of the trench where 
they are weighed and loaded on donkeys and taken to Archa Kotal where they are 
weighed and loaded on trucks. 


Salt-water springs are present in the area, both near Astana Tepa and further 
to the north, on the northern slope of the Koh-i-Namak (rock-salt mountain). 


Otner Sections. — The Gazestan Formation is exposed in the rock-wall 
which overlooks from the north-west the cross-road to Farkhar along the 
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road between Talugan and Kishem. The following stratigraphic sequence 
was found ('): 

— Baba Darwes Formation; 

9) red chalky marl (61 AE-87/10) and withe crystalline gypsum with some 


interbedded marly limestone, 70 m; 


8) crystalline gypsum, white and grey microcrystalline gypsum and red chal- 
ky marl alternating every 2-3 m; at 5 m intervals there are 1 m thick in- 
tercalations of a grey foraminiferal limestone (oosparite) (61 AE-87/9); 
total thickness 60 m; 


white crystalline gypsum (61 AE-87/8), 2 m; 
red chalky marl, 2 m; 


red, chalky arenaceous marl (61 AE-87/7), 5 m; 


beds, 10-30 cm thick, of grey limestone (micrite) with oolites, small ostra- 
codes and rare Miliolidae (61 AE-87/6), 8 m; 


2) grey limestone (intramicrite) with molluscan fragments and rare aggluti- 
nating foraminifera (51 AE-87/5a), reddish limestone (oosparite) and 
beds, 50 cm thick, of grey limestone (intramicrite and biomicrite) (61 AE- 
87/5b) with molluscan fragments, probable Ostreae, echinoid spines and 
plates and pieces of bryozoa, 3 m; 


) 
) 
5) grey limestone (micrite), 2 m; 
) 
) 


1) grey-light, brown, massive dolomitised calcarenite (sandy microsparite) in 
sheared beds 10-30 cm thick with scarce agglutinating foraminifera (61 
AE-87/4), 4 m; 


— Qara Bulaq Sandstone. 


At this locality the Gazestan Formation has a total thickness of 156 m. 

Further north-east, just west of Archa Kotal, the Gazestan Formation 
shows the same sequence. In particular, it can be mentioned that the same 
oo-biosparite with molluscan fragments (probable Ostreae), echinodermata, 
corals, and rare Miliolidae (61 AE-77/1) is also present in horizon 2 (61 AE- 
-87/5b) of the Farkhar section. 

To the north-west of Archa Kotal village a small coal lens outcrops (61 


(1) A detailed description of the microfacies is enclosed in the Micropaleontological Appendix !. 
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AD.49 bis) and is interposed between an underlying bed of grey-green con- 
glomerate and an overlying bed of green marl (61 AD-49 bis) (Fig. 9). The 
coal is very impure, very friable and occurs together with brown, earthy 
material. No determinable fossils were found. 
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Fig. 9 - Stratigraphical sequence of the Archa Kotal area after a sketch-map of DEsio’s 
field book. (BDf = Baba Darves Formation, cgl = conglomerate with clay and sandstone, 
gs = gypsum, S = rock-salt. 


The three lithotypes previously mentioned belong to a sequence con- 
sisting of green and red conglomerates interbedded with red, purple, green 
and grey earthy clays and sandstone. This sequences overlies a gypsum de- 
posit consisting of white, veined, crystalline gypsum and red earthy clays 
with some rock-salt lenses. The beds dip at 25°-30° to the south-west. 

In a small neighbouring valley, not far to the east, there is a small out- 
crop of white sub-crystalline limestone (intra-biosparite) not well bedded, 
with Miliolidae and Rotaliidae (61 AD-50) at the base of the above men- 
tioned conglomerate; this conglomerate overlies the limestone and an angular 
unconformity is present between the two. 

Above this conglomeratic sequence there are beds of limestone which 
are part of the Baba Darwes Formation. 

The arenaceous-marly-conglomeratic sequence which here represents the 
upper part of the Gazestan Formation, also present at Gazestan in horizon 7 
of the type-section, can be correlated with the upper part of the Mohammad 
Aba Sandstone: in both cases it underlies the fossiliferous limestones of the 
Baba Darwes Formation. It appears likely that the previously mentioned 
conglomerates represent the first deposits of the Baba Darwes trangressive 
Formation (Upper Cretaceous). 
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In the section measured on the rock-slope descending from the south- 
east towards Qara Tut, from the mountain top marked 1892 m and located 
to the west of Baba Darwes, the following stratigraphic sequence, more 
than 160 m thick, can be observed from top to bottom: 


— Baba Darwes Formation: 


11) green and yellowish, medium-grained sandstone (61 AD-48/18) inter- 
bedded with greyish fossiliferous limestones (sandy biosparite) contain- 
ing mollusca, echinodermata, bryozoa, foraminifera, Saccocoma (61 
AD-148/18a, 18b), 30 m; 

10) green and yellowish, thick bedded, massive sandstone, 5 m; 


9) green sandstone alternating with red marly sandstone, predominant in 
the upper part, 8 m; 


8) conglomerate with 2-3 cm pebbles consisting of quartz and black slate 
green sandstone, 1,50 m; 


7) green, red and yellowish sandstone, beds 30-50 cm thick, alternating 
with red marly sandstone, 40 m; 


6) conglomerate with 2-3 cm pebbles consisting of black slate, 4 m; 


5) green sandstone, more than 40 m; 
— fault 


4) green sandstone, more than 40 m; 


3) grey, massive limestone (micrite) crossed by numerous calcite veins (61 
AD-48/11) (Mashad Limestone), 4 m; 


2) white, veined, crystalline gypsum, 6 m; 
1) reddish-green at the base, fine-grained sandstone (61 AD-48/9), 20 m; 


— Qara Bulaq Sandstone. 


The Qara Tut section, occurring between the Baba Darwes Formation 
and the Qara Bulaq Sandstone, was surveyed at the point where the Ga- 
zestan Formation, represented by horizons 1, 2, 6, 7, 8, 11, grades laterally 
into the Mohammad Aba Sandstone which comprises horizons 4, 5, 9, 10. 
In fact, some horizons characteristic of both formations are alternating here. 
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Further more, the western end of the Mashad Limestone appears in horizon 
3. 


AREAL Distripution. — In the region studied the Gazestan Formation out- 
crops in the area between the Qara Tut and the Farkhar valleys and appar- 
ently it continues to the south-west towards the Namak Ab valley. Con- 
versely, to the east and south-east of Astana Tepa and Aq Bulaq, where it 
reaches its maximum thickness, it is replaced by the Mohammad Aba Sand.- 
stone. 


AcE. — The age of the Gazestan Formation is still doubtful. We can, how- 
ever, say that it constantly underlies the Baba Darwes Formation the low- 
est sediments of which date from the Albian—Cenomanian. Much more 
doubtful are the data concerning the lower part of this formation. We on- 
ly know that it overlies the Qara Bulaq Sandstone the age of which, in tur, 
is not precisely known. Considering, however, that the Gazestan Forma- 
tion includes evaporitic deposits and it is at the base of a sequence of ma- 
rine calcareous sediments (Baba Darwes Formation) beginning in the Al- 
bian-Cenomian, it is reasonable to assume that it represents the first deposits 
of the Albian-Cenomian trangression and therefore has presumably an Al- 
bian age. 


Remarks. — The Astana Tepa lagoonal deposits containing gypsum and 
rock-salt, which were mentioned by Brick in 1935 who assigned them to 
the Tertiary, are then much older. Twenty kilometres south-west of Asta- 
na Tepa, in the Namak Ab (salt water) valley, a thick rock-salt outcrop is 
visible which appears to be located on the southern extension of the Ga- 
zestan Formation. We were not able to visit that region, but H. pe Cizan- 
courT & VaurTnin (1937) had already said that the rock-salt is, at this lo- 
cation, directly overlying the « Red Grit » and assigned it to the Cretaceous. 
Popo, and Tromp, on the contrary, suggested that the same outcrop could 
be Miocene. 

C. Hinze (1964), in his report concerning the Namak Ab region, said 
that the gypsum and the rock-salt of Taqcha Khana and Chal (15 and 22 
km south-east of Talugan respectively) underlie the limestones and marls of 
the Upper Cretaceous (representing our Baba Darwes Formation or the Pull- 
i-Khumri Formation) and overlie the Saighan Series. The author has, there- 
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fore, assigned the evaporitic deposits to the « Lower Red Grit » (Lower Cre- 
taceous). It is believed that the evaporitic deposits of the Namak Ab re- 
gion are of the same age as the Gazestan Formation deposits of Astana Te- 
pa—Kalafgan and Namak Ab) and mark the beginning of the Albian—Ceno- 
manian transgression. They can be correlated with the so called « Green 
Beds ». From the palaeogeographical point of view, the depositional envi- 
ronment of the lagoonal deposits of Astana Tepa, which were accumulated 
above the clastic sediments belonging to the upper part of the Qara Bulaq 
Sandstone, were deposited in a small basin-like trough which pre-existed to 
the crystalline basement. The basin had already been partly filled by the 
continental deposits belonging to the Shingan Conglomerate and by the low- 
er part of the Qara Bulaq Sandstone, dated as Middle Jurassic. In the 
Astana Tepa area the evaporitic deposits of the Gazestan Formation are in 
fact located in a saddle-shaped hollow present in the Jalmish Tonalite and 
in the overlying metamorphic deposits belonging to the Farkhar Slate. These 
latter deposits outcrop between the tonalitic body of Khan Asman—Ka- 
shan and the small tonalitic dome encircled by the Farkhar Slate, at a location 
3 km east of Idel. This evaporitic basin was closed to the east; it is, in fact, 
in this direction that the evaporites of the Gazestan Formation grade later- 
ally into deposits of different facies but of the same age (Mashad Limesto- 
ne and, for the most part, Mohammad Aba Sandstone). Then the Gazestan 
Formation, the lagoonal deposits of which had infilled the basin, was over- 
lain by limestones of the Baba Darwes Formation belonging, for the most 
part, to the marine Upper Cretaceous. 


2.5. Mashad Limestone (M)). 


TyreE-SEcTION. — The type-section (Fig. 10) was measured between Qara 
Bulag and Kishem (70°01' east Long., 36°46’ north Lat.) where its maxi- 
mum thickness is about 80 m. The section comprises grey limestone in 
beds 10 cm to 30 cm thick, which weather yellowish-grey. 

The Mashad Limestone, which outcrops only between Qara Bulaq and 
Kishem, overlies the sandstones of the Qara Bulaq Formation and under- 
lies the green or rarely, reddish sandstones of the Mohammad Aba Forma- 
tion. 
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Fig. 10 - Type-section of the Mashad Limestone. 
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ArEaL Distripution. — The Mashad Limestone thins and wedges out later- 
ally (to the west) into the sandstones and gypsum of the Mohammad Aba 
Sandstone and the Gazestan Formation, which in the area between Kalaf- 
ghan and Qara Bulaq replace it laterally as is seen in the Gazestan Formation 
section mapped near Qara Tut (see page 69). In this section, the Ma- 
shad Limestone or more specifically its western end, is represented by 4 m 
of compact grey limestone (micrite), crossed by numerous crystalline cal- 
cite veins (horizon 3, sample 61 AD-48/11). 

Towards the north-east, however, beyond the Mashad valley, the Ma- 
shad Limestone disappears undemeath alluvial deposits together with all the 
other Cretaceous strata. 


AcE. — The Mashad Limestone is probably Cenomanian (?) — Lower Creta- 
ceous (lower part) because it overlies the sandstones of the upper part of 
the Qara Bulaq Sandstone of Lower Cretaceous age, and also because it 
represents a lateral facies variation of the lower part of the Gazestan Forma- 
tion which is of the same age. 


2.6. Mohammad Aba Sandstone (Ms). 


Type-Section. — The type-section is situated between Qara Bulag and Mo- 
hammad Aba (7° 02' 24" east Long., 36° 47' north Lat.) (Fig. 11). It is 170 
m thich and the lithostratigraphical sequence is as follows (Table II, fig. 1): 


— Baba Darwes Formation; 

2) reddish flaggy limestone (61 AE-49/6), 20 m; 

1) dark-green, compact, fine-grained quartz-feldspathic sandstone (61 AE-49 
/7), 150 m; 


— Mashad Limestone. 


AREAL Distripution. — The Mohammad Aba Sandstone outcrops only in 
the area between the village of Mohammad Aba, Chenar-i-Gunjeshkhan, Ba- 
ba Darwes, Qara Bulaq, and Mashad. Towards the east in the zone of Ki- 
shem, the Mohammad Aba Sandstone disappears under the Quaternary allu- 
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Fig. 11 - Type-section of the Mohammad Aba Sandstone. 
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vial cover, and towards the west and south-west the thickness decreases and 
it seems to grade laterally into the Gazestan Formation. In fact, as can be 
seen in the section of the Gazestan Formation at Qara Tut (see page 33) the 
horizons 4, 5, 6, 7, 8, 9, 10, 11 (located above the Mashad Limestone and be- 
low the Baba Darwes Formation) represent both the Mohammad Aba Sand- 
stone (horizons 4, 5, 9 and 10) and the Gazestan Formation (horizons 6, 7, 8, 
11). 

As indicated on page 53, the Mohammad Aba Sandstone has been corre- 
lated with the arenaceous-conglomeratic lenses of Archa Kotal and Gaze- 
stan (Archa Kotal Member) which lie between the Gazestan Formation and 
the Baba Darwes Formation. 


AcE. — The Mohammad Aba Sandstone is of Cenomanian (?)—Lower Cre- 
taceous age, since it is found immediately underlying the Baba Darwes For- 
mation (which starts with calcareous fossiliferous deposits of Albian-Ceno- 
manian age in the Mohammad Aba area) and overlying the Mashad Lime- 
stone of Cenomanian (?)/—Lower Cretaceous age. Moreover, the Cenoma- 
nian — Lower Cretaceous age of the Mohammad Aba Sandstone is confir- 
med by the correlation between horizon 11 in the Qara Tut section and ho- 
rizon 2 in the Farkhar section of the heteropic Gazestan Formation, also 
probably Cenomanian (?)— Lower Cretaceous in age. 

In conclusion, the Gazestan Formation (evaporites), the Mashad Lime- 
stone and the Mohammad Aba Sandstone, appear to represent the Albian- 
Cenomanian deposits of central and northern Afghanistan which are repre- 
sented by the so-called « Green beds » (Haypen, Popot and Tromp). 


2.7. Baba Darwes Formation (BDf). 


Type-Section. — The section where this formation is best exposed in the 
territory studied is to be found on the mountain which dominates the vil- 
lage of Baba Darwes on the west and on the south the pass of Chenar-i- 
Gunjeshkhan (Plate II, fig. 2), which is marked on the map by the trig point 
1891,7 m (Fig. 12). The geographical coordinates are 69° 68’ east Long., 
36° 46’ north Lat. It is a mountain ridge elongated east-west and cut 
through by a gorge near Baba Darwes. The strata which form the 
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mountain dip in a northerly direction between 35° and 45°, thus on the 
northern side of the mountain they dip with the slope of the mountain, and 
on the southern side they dip into the slope and are truncated just below the 
summit by a rocky wall. 

Unfortunately it was not easy to measure a stratigraphic sequence with 
little time at our disposal because the areas corresponding to the argillaceous 
and marly beds are frequently covered with detritus. For this reason only 
the tops of the calcareous beds are seen. Moreover, a series of subvertical 
faults divides the hills to the south of the crest into several blocks which ha- 
ve probably produced at the surface a repetition of beds of the same age. 
This fact has emerged also as a result of the sample study which at first sug- 
gested the idea that there was confusion in the sample numbering. For the 
reasons mentioned above the thickness of certain beds are lacking or only 
approximate. On the other hand the total thickness of the stratigraphic 
section is considered to be reliable. 

From the point of view of the lithological composition, the Baba Dar- 
wes Formation is composed of beds of compact limestone, generally grey- 
brown, maroon and red, alternating with beds of mudstone and sandy 
marls, which do not appear in the series indicated below, because they 
are only rarely exposed. The highest beds, of reddish colour, outcrop 
especially on the northern side of the Baba Darwes mountain, where the 
beds are well exposed and contain megafossils (see Palaeontological Ap- 
pendix 2), mainly brachiopods, while the limestone of the middle to up- 
per horizons contain a more abundant macrofossil assemblage from which 
specimens can be collected in great numbers at the foot of the cliffs lo- 
cated to the south of the mountain crest. 

Pratically all the beds of limestone are more or less rich in microfos- 
sils as shown below (see Palaeontological Appendix 1). 

From the top to the base, starting from the northern side of the moun- 
tain towards the south and passing over the crest, the series is as follows: 


— Erosion surface. 


11. Limestone red, grey and brown, compact, organogenic with Amphi- 
donte decussata (GotpFuss) and Rectithyris subdepressa (Sto.iczka) (fos- 
siliferous locality No. 9). The fossils were collected 1780 m above sea lev- 
el to the south-east of Chenar-i-Gunjeshkhan. From the same _ locality 





R 


1e) 


100 


AN 





m 0 


GAZESTAN FORMATION 








BABA DARWES LIMESTONE 77 





-p3s @ 


-035/1 @ 












-030/5 @ 


10 


rE 





2 an ee 
a a ee 

sft TT [i 

el pase 

|. | a 

== 


-0 49 @) 


-b30 @ 


-030/7 










-0 30/10 


-0 30/40 




























-D308 @ 


a 
ih 






BABA DARWES FORMATION 
AGE : PALEOCENE (?) -LOWER CRETACEOUS 
Type -section 


GEOGRAPHICAL COORDINATES: 
lat. 36° 46'N — long. 68 68 E Greenw. 


\ ‘ 
re Kal afgan’ 


Sol 54 


. 
wo! Q 





LEGEND 


Fr] tmestone 

Rid coquina Iimestone 
on quartziferous limestone 
FEES] mani 


ry sandstone 


@ fossils 
e microfossils 


=O=@=8— Cuneolinae - Dicyclinae level 


~vwrv unconformity 


Fig. 12 - Type-section of Baba Darwves Formation. 


78 SEDIMENTARY FORMATIONS 


another sample of brownish-grey limestone (biosparite) was collected (61 
AD-35/1) with Orbitoides, Lepidorbitoides, rotalids, algae associated with 
bryozoa and molluscan fragments; several tens of metres thick. 


10) Bed of compact, brown quartzose limestone (bio-intramicrite) with frag- 
ments of various shells, bryozoa, rotalids and Orbitoides (61 AD-30/5). 
thickness unknown; 


9) Reddish-brown bioclastic limestone (foraminiferal bio-intramicrite) rich 
in bryozoa and algae; the foraminifera belong to the genera Lepidorbitoides, 
Clypeorbis, Siderolites (doubtful) and Rotalia (61 AD-30/3), thickness un- 
known; 


8) Hard grey limestone with Orbitoides, Siderolites, rotalids, Cibicides, bryo- 
zoa (61 AD-49) and numerous megafossils including Rectithyris odiumen- 
sis SHant, R. cf. rotunda Suani, R. subdepressa (StoiiczKa), Neithea (Nei- 
theops) quinquecostata (SowersBy), Lima canalifera Goupruss, Pycnodonte 
vesicularis LamK., Exogyra overwegi von Bucu, Exogyra sp., together with 
light grey limestone with foraminifera (including Orbitoides media) and 
byozoa (61 AD-80), several metres thick; 


7) Grey limestone (intrasparite) with microfossils, including Cuneolina and 


Dicyclina possibly reworked (61 AD-30/7), about 25 m thick; 


6) Compact fossiliferous light grey-brown limestone (biosparite) with ru- 
dists, nerineids and indeterminate brachiopods (61 AD-30/10), about 30 m 
thick; 


5) Thick bed of bioclastic limestone (bio-intrasparite), grey, with yellowish 
alteration products, rich in crinoid remains (encrinite) and abundant bryo- 
zoa and molluscan remains; foraminifera are rare, mostly agglutinating tests; 
Lituolidae, Cuneolina, Rotaliidae, rare Calcisphaerulidae, Stomiosphaera (61 
AD-30/4), 4 m thick; 


4) Marl and red limestone (bio-intramicrite) with abundant molluss debris, 
calcareous algae, agglutinating foraminifera Ophthalmididae, Miliolidae, Cu- 


neolina, Dicyclina, Haplophragmoides etc., rare ostracoda (61 AD-30/3), 50 m 
thick (?); 


3) Yellowish quartzose limestone (micrite) slightly brecciated with rudist 
fragments, Cuneolina, Miliolidae, rare Dicyclina and Rotaliidae etc., (61 AD- 
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30/9); alternating with light grey-brown compact limestone with Ichthyo- 
sarcolites triangularis Desmarest (61 AD-30 bis), 6 m; 


2) Compact grey limestone with a thin bed of small Exogyra spp., at the 
hase, with molluscan fragments, probable dasycladaceae, planktonic forami- 
nifera, Hedbergella spp., Stomiosphaera, Rotaliidae (?) etc. (61 AD-30/6), 
13 m; 


1) Compact limestone (oo-intrasparite) light brownish-grey and maroon (61 
AD-30/8) in beds a few tens of centimetres thick with mollusc and echino- 
derm fragments, rare foraminifera (Lituolidae, Ophthalmididae). Jurassic 
fossils such as Saccocoma and Calpionella have been found as reworked fos- 
sils in some beds at this horizon, 60 m; 


— Gazestan Formation. 


The section has a total thickness of about 290 m. 

Numerous fossil specimens were collected at various points on the slopes 
without the possibility of their being assigned to the beds from which they 
where derived. The species indentified are (’): 

Trigonarca sp. 

Pinna arata ForBES 

Pecten sp. indet. 

Neithea gibbosa (PULTENEY) 

Pycnodonte vesicularis (LAMK.) 

Lopha sp. indet. 

Arctica calabra SEGUENZA 

Afrodina plana (SowERBy) 

Ichthyosarcolites triangularis DESMAREST 

Ichthysarcolites tricarinatus PaRoNna 

together with rudists and indeterminable brachiopods. 


OrHER Sections. — North-east of the type-section, above the road which 
runs from Kishem to the pass of Chenar-i-Gunjeshkhan, about 6 km from 
the first locality, there are a series of hills, the slopes of which are interrupt- 


(1) The fossils are descripted in the volume IV-2 of the scientific Reports of Desio’s expedi- 
tions to the Karakorum and Hindu Kush. See also Palaeontological Appendix 1 and 2. 
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ed by the tops of limestone beds, forming a series of steps (Table II, fig. 1). 
These are the hills above the village of Mohammad Aba and are composed 
of three main massive limestone beds between which are intercalations of 
more or less calcareous marl. These are poorly esposed. Under this series, 
the shales and green and red sandstones of the Mohammad Aba Sandstone 
outcrop. In the series of overlying beds, which have an overall thickness 
or about 200 m, reddish coloured limestone horizons are repeated three 
times. 

This section has not been completely surveyed, but certain horizons 
were distinguished from which fossils were also collected. From the base 
to the top these are: 


a) Dark, tan-coloured, brecciated, fossiliferous limestone (61 AD-34) with 
Pycnodonte vesiculosa (SoweRBy), P. vesicularis Lamx. etc.; 


b) Grey, glauconitic, fine-grained sandstone with a clayey matrix (61 AD- 
34/2) containing sponge spicules, rare mollusc shells and small planktonic 
foraminifera (Hedgergella spp.); 


c) Partly brecciated limestone in various shades of tan, grey and red alter- 
nating with marly sandy beds which are poorly exposed; 


d) Yellowish-white limestone (61 AD-34/1) (biomicrite) fossiliferous, with Cu- 
neolina and agglutinating foraminifera such as Haplophragmoides, Textula- 
viella etc., together with Pycnodonte vesicularis (Lamx.), Trigonia sp. in- 
det., Aphrodina plana (Sowersy), Pleurotomaria sp. indet., Haustator mul- 
tiplicatus PceLincev, Trochactaeon matensis (FITTiPaLpl). 


This last horizon is the highest of the local series and corresponds to 
horizon 4 of the type-section. 

Other fossils collected in the vicinity (61 AD-34) include the following 
species: 

Trigonarca diceras (SEGUENZA) 

Lima sp. 

Pycnodonte vesiculosa (SowERBY) 

Pycnodonte vesicularis (LAMK.) 

Amphidonte conica (SOwERBY) 

Ichthyosarcolites sp. indet. 

Indeterminate rudists. 
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Further to the west, between Kalafghan and Astana Tepa, the Baba 
Darwes Formation outcrops on the mountain 1804 m high (located 3 km 
east of Aq Bulaq) and is about 200 m thick. The limestone with inter- 
calations of reddish coloured marls (near the base) rests on the Mohammad 
Aba Sandstone, while at the top the surface is eroded. 

Here, on the northern summit of the ridge which descends towards the 
north from the trigonometric point 1804.4, in the grey limestone (61 AE-69) 
Arctica sp. indet., and Ceratostreon spinosum (MaATH.) were collected. 

Still further to the west the Baba Darwes Formation rests on top of 
the Gazestan Formation and is represented by a few tens of metres of 
limestone which, towards the top, is truncated by the transgressive contact 
of the Kokcha Formation. Here, above the rock-salt mine of Astana Tepa 
(Kalafghan a specimen of Pycnodonte vesiculare (Lamx.) (61 AD-54) was col- 
lected. 

On the slope in front of Gazestan, in the Baba Darwes limestone a 
specimen of Pinna arata Forses (61 AE-80) was collected, but not in situ, 
a form which ranges from the Turonian to the Senonian. 

A stratigraphic section surveyed on the slope which rises to the north 
of the road junction for Farkhar, on the road from Talugqan to Kishem, 
displays the following sequence from top to bottom (’): 


— Taluqan Gravel. 


2) light grey limestone (biomicrite passing into fossiliferous micrite with 
molluscan fragments) rich in foraminifera, Cuneolina, Dicyclina etc. (61 
AE-87/12), 40 m thick; 


1) marly-sandy limestone (micrite with quartz grains) yellowish-grey (61 
AE-87/11) with numerous Amphidonte columba (Lamx.) and foraminifera, 
40 m thick; 


— Gazestan Formation. 
Here therefore the Baba Darwes Formation has a thickness of only 


80 m as the result of erosion which removed the upper part of the forma- 
tion before the deposition of the Kokcha Formation. 


(1) Detailed descriptions of microfacies is contained in the Palaentological Appendix 2. The 
fossils are described in the IV-2 volume of the present collection. 
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In addition, in the altered rocks of the same locality in which the fos. 
siliferous micrite (unit 1) with Amphidonte columba (Lamx.) was collected 
in situ, the following fossils were also collected (61 AE-87/18). 

Pycnodonte vesicularis (LAMK.) 

Amphidonte columba (LaMKk.) 

Amphidonte conica (SowERBY) 

Inoceramus sp. indet. 

Thomasites sp. indet. 

Particularly interesting is the presence of ammonites belonging to the 
genus Thomasites, which is confined to the Lower Turonian. Finally, in 
extreme south-western part of the area mapped, that is in the Farkhar val- 
ley, the Baba Darwes formation consist of some tens of metres of compact 
grey limestone, which rests on the Gazestan Formation and is covered un- 
conformably by the Talugan gravel. On the road from Taluqan to Fayd- 
zabad, 3 km east of Taka Toymast, the limestone contains indeterminate 
echinoids together with Pycnodonte vesiculare (LaMx.) (61 AD-15). 

In some places the top of the formation shows, for a few metres, a cha- 
racteristic structure prcduced by the fracturing of the calcareous beds into 
large blocks scattered at random on the surface. This structure was pro- 
bably produced during a continental period, perhaps during the Tertiary, 
after the deposition of the limestones of the Baba Darwes Formation and 
before the deposition of the conglomerates of the Kokcha Formation. 


AreEAL DistripuTion. — The Baba Darwes Formation outcrops in the area 
between Mohammad Aba, Jeldragh and Kalafghan, near Aq Bulaq and in 
the belt situated on the northern flank of the Shor river valley (downstream 
from Astana Tepa) until it crosses the Farkhar river just east of Taka Toy- 
mast. 

Proceeding from north-east towards the south-west, that is from the 
Kishem valley to the Farkhar valley, the Baba Darwes Formation overlies 
first the Mohammad Aba Sandstone, then the Gazestan Formation. 


AcE. — As will be clarified in the Micropalaeontological Appennix, the fos- 
sils present in the lower horizons of the section represent Albian (?), Ceno- 
manian and Turonian without the possibility of distinguishing one from 
another. Since small Hedbergella spp., are present it is suggested that ho- 
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rizon 2 belongs to the upper part, possibility of a Cenomanian age. The 
successive horizons from 3 to 5 inclusive are securely assigned to the Ceno- 
manian by the presence of Cuneolina and Dicyclina together with Ichthyo- 
sarcolites triangularis DESMAREST, a rudist typical of the Cenomanian. Ho- 
rizon 6, at least the upper part, seems to be referrable to the Turonian. 
The higher horizons 8, 9, 10 and 11, are referred with certainty to the 
Maastrichtian because they contain such microfossils as Orbitoides, Ompha- 
locyclus, Siderolites, Lepidorbitoides and also because of the presence of 
megafossils indicative of the Senonian such as Exogyra overwegi VON 
Bucu, Rectithyris odiumensis Saunt, Rectithyris subdepressa (Stouicz.). In 
conclusion the attribution of the first five (lower) horizons to the Albian (?) 
— Cenomanian and the topmost four horizons to the Maastrichtian is well 
documented. However, there are no palaeontological indications for the 
interval between the two. Therefore, a hiatus corresponding to a large part 
of the Turonian and Senonian sequence is advanced as a working hypo- 
thesis. 

Horizon 7 may be interpreted as corresponding to the transgressive horizon, 
which includes fragments belonging to the underlying Cenomanian — Turo- 
nian rocks (e.g. Cuneolina and Dicyclina). In this respect it is interesting 
to observe that certain Russian authors have recognised the existence of an 
analogous hiatus in Tadzhikistan. 

Finally, it should be mentioned that the horizons of the Baba Darwes 
Formation above 11, destroyed by erosion, must have extended up into 
the Palaeocene. 

The other outcrops of the Baba Darwes Formation compare well with 
the ages found in the type-section. Thus the horizons above the village of 
Mohammad Aba have a similar palaeontological content and correspond to 
the type section up to horizon 6 (Cenomanian—Turonian) and also the fos- 
sils collected from isolated localities fall within the same age range. 

The locality between Kalafghan and Astana Tepa has furnished only one 
identifiable species, Ceratostreon spinosum (Matu.) which is not present eve- 
rywhere, but is a Senonian species which means that the outcrop corresponds 
to the upper part (horizons 8-11) of the type-section; and also the Gazestan 
exposures. 

Even better characterised from the point of view of the chronostrati- 
graphy is the outcrop at the road junction to Farkhar, where there is a typ- 
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ical Turonian fossil (Thomasites) and others such as Inoceramus which may 
represent Inoceramus labiatus ScruorH. present elsewhere (Pull-i-Khummi, 
Barfaq), which confirm that these beds are attributable to this level. 


THe RELATIONSHIPS WITH THE BiutT1 Formation. — The highest hori- 
zon of the stratigraphic sequence of the Baba Darwes Formation is repre- 
sented, as stated above, by red limestone (horizon 11) which forms the 
southern side of the Chenar-i-Gunjeshkhan pass. The beds dip towards the 
north, thus proceeding in that direction one passes through younger strata. 

North of the pass, near Jeldragh, red shales are widespread which may 
represent the beds of the Ambar Koh red series. On the geological map 
they have been assigned to the Baba Darwes Formation, but perhaps re- 
present a different formation, widely distributed and very thick to the west 
of Ambar Koh, in eastern Kataghan. 

On this latter mountain, as will be discussed below, it was possible to 
examine a sufficiently detailed section which provided macro- and micro- 
fossils enabling dating of the various beds to be accomplished. The basal 
horizons represent the Palaeocene, thus they overlie chronostratigraphically 
the highest beds of the Baba Darwes Formation. 

On the other hand the fossils collected from the Bluti formation are 
referable, as will be seen below, to the Middle to Upper Eocene (Alai-Turk- 
estan), thus, if this formation is not transgressive on the Baba Darwes For- 
mation, there must be beds intermediate between the two which are refer- 
able to the Palaeocene (in the area the Lower Eocene is missing as a re- 
sult of a hiatus). If one considers that in the Ambar Koh series the Palaeo- 
cene is present, parhaps the red marls in the Jeldragh area, north of Chenar- 
i-Gunjeshkhan, belong to the same stratigraphic level. 


2.8. Bluti formation (Bf). (*) 


InrropuctTion. — In an earlier paper (DEsio, Martina & Pasquare, 1964) 
this formation was identified as the Kharakan Formation; later, in the « Le- 


(1) The name «formation» is written without a capital letter since it is an informal lito- 
stratigraphic unit. 
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xique Stratigraphique International » (U.R.S.S., vol. II, fasc. 2, 1958, p. 606), 
it was discovered that this name had already been assigned to another for- 
mation in Central Asia (Kazakhstan) belonging to the Middle Ordovician 
(Karakan Formation). On account of the similarity of the two names and 
because of the priority of the Russian one we have used here the name of 
Bluti formation in order to avoid misunderstanding. Furthermore, the vil- 
lage bearing the name of Kharakan on the 1:50.000 maps to the north-west 
of Kalafghan is known by the inhabitans as Bluti, while another village 
named Kharakan is located in the Kokcha valley which is not far avay. 


LirHoLocy. — A type-section cannot be described for this formation shows 
only small outcrops and too incomplete sections are present in the area ex- 
amined. The locality where this formation was identified is 7 km north of 
Kalafghan and 2.5 km north of Bluti, about 69°55’ east Long. and 36° 49’ 
north Lat. Proceeding from the village of Lower Jeldragh towards the east 
a ridge appears, the upper and lower parts of which consist respectively of 
massive white limestone (61 AD-37:) with small miliolids and_light-grey 
limestone with calcite veins (61 AD-37:). The limestone beds are quite thick 
and dip to the south-southwest at 50°. At the top of the ridge (about 1700 
m) several fossils were collected (61 AD-65) which are referable to Ostrea 
(Turkostrea) afghanica Viatov, Fatina (Fatina) bohmi boéhmi (Viavov), Fa- 
tina (Sokolowia) esterhazyi esterhazyi Pavay, partim Viatov. About one ki- 
lometre to the west-southwest, on the same ridge at about 1720 m, another 
fossiliferous locality was found: Ostrea (Turkostrea) afganica Via.ov, O. 
(Turkostrea) cizancourti Cox and Fatina (Sokolowia) esterhazyi buhsei 
(Grew) were collected (61 AE-66). 

On the hills to the west and south of the same ridge the limestone beds 
overlying the red clayey-arenaceous marls and marking the passage to the 
Baba Darwes Formation are present as numerous scattered blocks on the 
marls. The same limestone beds outcrop on another ridge further to the 
west. 

The Bluti formation is unconformably overlain by the conglomerate of 
the Kokcha Formation which almost entirely masks the rocks which form the 
passage to the Baba Darwes Formation. 

It cannot by excluded, however, that the outcrops of Baba Darwes For- 
mation at Bluti emerge through a series of green and pink marls and main- 
ly red sandstones, younger than the fossiliferous limestone. Lack of expo- 
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sures, the rolling nature of the topography, the extensive cover of the rocks 
of the Kokcha Formation and the short time devoted to the investigation of 
this area, did not allow a more detailed study. In this connexion it should 
also be said that on the Ambar Koh, just to the west of Taluqan and there- 
fore outside the Badakhshan, fossiliferous beds with a marly arenaceous 
facies of the same age outcrop which have been given the name of Ambar 
Koh Formation and described subsequently (page 118). 

This latter formation is probably present also in the vicinity of Jeldragh 
where alternatively it may be represented by a cover of red continental de- 
posits which overlie the Sumsar marine series in the Tadzhikistan. 


AREAL Distrution. — No other outcrops of the Bluti formation are known 
outside the area previously mentioned. It would appear that, moving west- 
wards, the calcareous facies which prevails in the Bluti formation is gradual- 
ly replaced by the marly facies (Ambar Koh Formation, Member A). 


Ace. — The fauna collected at both fossiliferous localities is probably of 
the same age and belongs to the Middle—Upper Eocene. More precisely, of 
the three species from the first locality Ostrea afghanica is essentially a Lu- 
tetian species, while the other two are Priabonian (Turkestan stage). Of 
the three species present at the second locality, the two Ostreae belong to 
the Lutetian and the Fatina to the Priabonian; therefore, on the basis of 
this small amount of data it should be stated that the Priabonian and the pas- 
sage to the Lutetian are present at the first locality and viceversa at the 
second locality. However, the palaeontological data are too poor to pro- 
vide conclusive evidence although it is known that both the Middle and Up- 
per Eocene are present in that region; that is, ViaLov’s Alai and Turkestan 
stages as recorded for the nearby region of Tadzhikistan. For comparisons 
with similar formations present in neighbouring regions see chapter on Am- 
bar Koh Formation (page 118). 


2.9. Kokcha Formation. 


Inrropuction, — The Kokcha Formation is more than 1100 m thick and 
consists of thick beds of conglomerate interbedded with usually greyish 
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sandstone and marl containing fragments of echinoids, rare Bathysiphon 
sp. and ostracodes belonging to the lacustrine genus Candona. The peb- 
bles in the conglomerate are black slate, amphibolite, quartz, granodiorite, 
tonalite, diorite, marble and Cretaceous limestone, occasionally with rudist 
impressions. 

The conglomerate grades upwards and laterally, from the edge to the 
centre of the sedimentary basin, into arenaceous and marly beds. 

The beds consisting mainly of sandstone and conglomerate were called 
the Tah Jari Member (Kf) (Plate IV), those consisting of marl and sand- 
stone, the Ghelawuk Member (Kf’). Locally, between the Mashad and the 
Hazara valleys, a characteristic conglomerate facies is present which was 
also mentioned by Bricxt (1935). It consits of very large boulders of gra- 
nodiorite, tonalite and diorite cemented by arkosic sand. This facies was 
called the Ganda Qol Member (Kf”); it appears to continue, according to 
the geological map of Hinze (1964), to the south-west of Farkhar along the 
edge of the Upper Amu Darya Depression oriented NE-SW (Taqcha Kha- 
na—Chal-Iskamesh). 

The Kokcha Formation outcrops extensively in the Kokcha valley 
downhill from Qara Kamar, in the Mashad valley downhill from Kishem, and 
in the ridges overlooking to the north the villages of Kalafghan, Astana Tepa 
and Gazestan. In particular, the Ghelawuk Member outcrops in the Kok- 
cha valley downhill from Artin Jelaw where the conglomerate describe a 
light anticline (fig. 13); the Tah Jari Member is exposed in the Kokcha val- 
ley between Artin Jelaw and Qara Kamar, and also limits the outcrops of 
the Ghelawuk Member to the south. Finally, the Ganda Qol Member out- 
crops, as already stated, between the Mashad and Hazara valleys, limiting 
the outcrop area of the Kokcha Formation to the east. 

On the whole, the Kokcha Formation forms a large flat syncline the axis 


of which is approximately oriented south-west along the course of the Kok- 
cha river. 


Previous KNowLEDGE. — BartHoux (1933) mentioned and assigned to the 
Miocene some « grés redressés du Miocéne avec intercalations fréquentes de 
conglomerates » outcropping near Kishem which, undoubtedly, correspond 
to the Kokcha Formation. Porot and Tromp (1954), and Desio (1960) 
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dated the « Siwalik series » of northern Afghanistan, which could corres- 
pond to the Kokcha Formation, as Pliocene (’). 





Fig. 13 - Anticline of the Kokcha Conglomerate (KF) on the right-hand 
slope of the Kokcha valley downstream from Artin Jelaw (from DeEsiIo’s 
field book). 


Hinze (1964, page 53) described a clastic formation which outcrops in 
the Kataghan region and was called by him « Schuttserie », which he dated 
as Oligocene—Miocene—Pliocene (?); most of this formation corresponds to 
the Kokcha Formation. This author, however, also included in his « Schutt- 
serie » the uppermost beds of the Ambar Koh sequence, that is the « red 
rocks » which the Russian authors in Tadzhikistan assigned to the Khana- 
bad-Sumsar stage transgressively overlain by the Kokcha Formation. 

Type-Section of the Ghelawuk Member. The type-section of the Ghe- 
lawuk Member was measured along the course of the Mashad river down- 
stream from Kishem, between the confluence with the Wakhshi and the Kok- 
cha rivers (Fig. 14), at 70°03’ east Long. and 36°55’ north Lat. 

The section is 1120 m thick and, from the top to the bottom, presents 
the following sequence: 


16) grey sandy marl (61 AE-60/1), with abundant tabular crystals of mica 
and rare Bathysiphon sp., 10 m; 


15) grey sand with scarce argillaceous-calcareous cement (61 AE-60/2) and 
fragments of quartz, mica, calcite, 10 m; 


14) sand with argillaceous cement (61 AE-60/3) and fragments of mica and 
quartz, 15 m; 


(1) It is not possible to establish an age-correspondence between continental deposits so far 
away from the type-area (the Siwalik Hills are in the Sub-Himalayan belt); more particularly, 
since the Siwalik of India extends over a longer period of time, that is from the Middle Miocene to 
the Pleistocene (Lexique Stratigraphique International, vol. III, fasc. 8, page 243), it is preferable 
to use a local nomenclature. 
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13) conglomerate with pebbles up to 5 cm in diameter; the pebbles are 
black slate, granodiorite, marble, 10 m; 


12) sand and grey arenaceous marl (61 AE-60/4), 40 m; 


11) grey, argillaceous-calcareous sand (61 AE-60/5) the residue of which is 
rich in crystalline quartz, micas, green rocks, occasional Bathysiphon 
sp. and fragments of echinoid spines, 60 m; 


10) grey, sandy marl (61 AE-60/6) with abundant ostracodes belonging to 
the lacustrine gen. Candona, badly preserved; abundant fragments of 


echinoids and some Bathysiphon sp.; perhaps agglutinating foraminife- 
ra, 30 m; 


9) grey, sandy marl (61 AE-60/7) the residue of which is rich in echonoid 
spines, probable Bathysiphon sp. and two ostracodes belonging to the 
lacustrine gen. Candona, 25 m; 


8) grey, sandy mar] (61 AE-60/8) not disaggregatable even in the finest 
fraction; quartz, mica and calcite are predominant; one echinoid frag- 
ment, 70 m; 


7) grey, very sandy marl (61 AE-60/9) with coarse detrital fragments; the 
residue shows abundant biotite, muscovite and other micas, crystalline 
quartz, green rocks and calcite; rare Bathysiphon sp., 80 m; 


6) sandstone, sand, greyish conglomerate with pebbles up to 5-8 cm in dia- 
meter; the pebbles are black slate, granodiorite, amphibolite (scarce) 
and marble; greyish sand with conglomerate intercalations, 200 m; 


5) grey, sandy marl (61 A-17) with low organic content (quartz and mica); 
frequent Bathysiphon sp., 200 m; 


4) greyish conglomerate with pebbles up to 7-10 cm in diameter; the peb- 
bles are black slate, granodiorite, amphibolite, marble, 15 m; 


3) sandstone, sand and sandy marl; the grey sandy marl (61 AE-60/10) has 
rounded grains of quartz as its constituent and mica. Bathysiphon sp. 
are frequent together with other calcareous elongated shapes, partly 
fragments of echinoids and partly bryozoans, 195 m; 


2) grey, argillaceous sand (61 AE-60/11) with very fine detrital grains, rich 
in quartz and mica, 60 m; 
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1) argillaceous sand and grey sandstone (100 m); the argillaceous sand (61 
AE-60/12) is rich in quartz grains with rounded comers, micas and green 
rocks. 


Along the road from Faydzabad to Kishem, between Artin Jelaw and 
the mouth of the Mashad river in the Kokcha valley, (samples 61 AP-170 to 
177) the grey, marly horizons of the Ghelawuk Member were sampled; care- 
ful inspection of the samples revealed only one fragment of an echinoid in 
sample 61 AP-172. 

Tah Jari Member, Beyond the Kokcha river the series continues into 
the Diwar-i-Tang valley towards Masukhan village with lithologies similar 
to those of the Ghelawuk Member, but with sandstone and conglomerate. 


STRATIGRAPHIC Position. — The Kokcha Formation is transgressive with its 
Tah Jari Member on the limestone and marl of the Bluti formation to the 
north of Kalafgan, and on the Baba Darwes Formation (Jeldragh, Kalaf- 
ghan, Elftaw, Koh-i-Namak, Archa Kotal, Gazestan and Taka Toymast). In 
the Koh-i-Namak region (near Astana Tepa) the Kokcha Formation (still with 
its Tah Jari Member) is transgressive on the Gazestan Formation. 

In the extreme north-east of the area of outcrop (between the Kokcha 
and the Hazara valleys) the Kokcha Formation (still with the Tah Jari 
Member) rests upon the Farkhar Slate: to be precise, near Qara Kamar (in 
the Kokcha valley), the reddish conglomerates of the Tah Jari Member, a 
few metres thick, overlies the Farkhar Slate nonconformably. Wherever 
the conglomerates belonging to the Kokcha Formation nonconformably 
overlie the calcareous sediments of the Baba Darwes limestone, they have 
a characteristic reddish colour, visible also at a distance, as in the valley to 
the north-west of Kalafghan, above Bluti village. 

Finally, it must be mentioned that in the area between the Mashad and 
the Hazara valleys the Kokcha Formation overlies, with the Ganda Qol Mem- 
ber, the Farkhar Slate (between Kishem and Ganda Qol and in the Hazara 
valley) and the igneous bodies of the Jalmish Tonalite between the Teshkan 
and the Darayem valleys. 

The top of the Kokcha Formation has been in most places eroded away; 
only in the extreme south-west of the area surveyed (near Gazestan, Taluk, 
Jigdami and Shorcha) the Kokcha Formations is covered by the angular un- 
conformable Talugan Gravel. 
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AcE. — The age of the Kokcha Formation, unconformably overlying the 
fossiliferous deposits of the Bluti formation of Middle—Upper Eocene age 
(Alai-Turkestan stage), must be younger than Upper Eocene. Furthermore, 
in the region between Khanabad and Taluqan, to the west of the area investi- 
gated, the Kokcha Formation unconformably overlies also a considerable 
thickness (abouth 700 m) of reddish argillaceous, marly and arenaceous de- 
posits. These sediments, on the Ambar Koh, seem to represent, at least in 
part, the Oligocene and seem to correspond to the « red continental series » 
belonging, according to the Russian authors, to the Khanabad-Sumsar sta- 
ge (Upper Eocene, Oligocene and perhaps partly also Miocene). There- 
fore it can be deduced that the Kokcha Formation is of Neogene age. More- 
over, the Russian authors refer a thick continental formation, which also 
contains pebbles with rudist fragments and analogous to the Kokcha For- 
mation, to the Tertiary. This formation overlies either Paleogene, Meso- 
zoic or Palaeozoic beds. Calcareous pebbles with fragments of rudists 
(61 AE-68) were also found during this survey in the conglomerate overly- 
ing the Bluti formation and belonging to the Tah Jari Member. 


Remarks. — Although it is very difficult to correlate continental deposits, it 
could be useful to search for some elements, common to the Kokcha For- 
mation, in the area to the north of the Amu Darya; these elements could be 
of use in defining more precisely the age of the above mentioned formation. 
The Kokcha Formation, also with re namely the « Polizak Suite », referred 
compared with two other formations,gard to lithological composition, can be 
to as Pliocene, in the Tadzhikistan and Darvaz regions, and the Kurteka For- 
mation which, in southern Pamir, represents the Pliocene and an indefinite 
part of the Miocene (V. A. Vasw’yEv, 1965). These two formations are con- 
sidered to be partly contemporaneous. The first is overlain by the Kulyab 
complex, ascribed to the lower Quaternary, containing bone fragments of 
mammals and hand-made objects of Acheulean age; the second one is 
overlain by the Bakmal-Dzhilga complex representing the lowest part of the 
Quaternary. Although we do not have any certain evidence, it is possible 
that in the Kokcha Formation parts of these two complexes are also repre- 
sented, | 
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2.10. Taluqan Gravels (Tar). 


The type-section, about 300 m thick, was surveyed along the valley of 
the Taluqan river, near Khatayan and east of Taluqan, at 69° 40’ east Long. 
and 36° 38’ north Lat. 

The section consists of an alternating sequence of fine and coarse gra- 
vel beds up to 20 cm in diameter, oczasionally slightly cemented and with 
graded bedding. The estimated thickness is 200 m. 

The stratigraphical position of the gravels, which overlie the Kokcha For- 
mation with an angular unconformity, the lithological composition of the 
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Fig. 15 - Gravel weakly cemented (Taluqan gravel, bc) overlying the 
Kokcha conglomerate (cg) and the green marls and red sandstone (ma) of 


the Ambar Koh Formation to the west of Jeldragh. 


pebbles and cobbles (Fig. 15) (black slate, quartz, granodiorite, diorite, quartz- 
diorite, marble and Cretaceous limestone) and the perfect rounding of the 
gravels itself, all suggest that the Taluqan gravels must be considered as an 
erosion product of the Kokcha Formation. Therefore the Talugqan form- 
ation belongs to the Pleistocene. 

The Taluqan gravels outcrop in the area to the west of the Shor valley 
and on the hills to the north of Kalafghan. The Taluqan gravels rest uncon- 
formably on the Kokcha Formation near Kalafghan, at Chakal, at Taluk, at 
Jigdami and Shorcha; on the Baba Darwes and Ambar Koh formations at 
Jeldragh, at the Chenar-i-Gunjeshkhan pass, in the Taluqan valley near Ta- 
ka Toymast, and on the Gazestan Formation near Aq Bulaq (Fig. 16). 

The Talugan gravels will be discussed in the chapter describing the 
Pleistocene deposits. 
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Cig. 16 - Geological section across a hill about 8 km east of Khanabad 
(from Desio’s field book). (ma = red marls of Ambar Koh Formation; 


g = Taluqan gravels). 


y SOME STRATIGRAPHICAL SEQUENCES IN KATAGHAN 
AND IN THE SURROUNDING REGIONS. 


1. INTRODUCTION. 


As already mentioned in the introduction to this report, stratigraphic 
studies were carried out in several areas lying just to the west of Badakh- 
shan and in other regions of northern Afghanistan in order to solve some par- 
ticular problems, chiefly stratigraphic ones, which arose during the investi- 
gation of the studied area. Lack of time and other difficulties prevented 
us from fully carrying out our investigations so that the data collected were 
often incomplete. Notwithstanding these difficulties, new data about the 
stratigraphy of northern Afghanistan were collected and are presented in 
this chapter. 

The problems are those concerning our knowledge of the oldest 
stratigraphic horizons belonging to the sedimentary series to the west 
of Faydzabad, and particularly of the Jurassic ones which are best 
exposed in Kataghan. Also interest lies in the most recent marine horizons 
belonging to the same series, that is those of Palaeocene and Eocene age 
which have few and badly exposed outcrops in the Badakhshan province and 
therefore are poorly presented on the geological map enclosed with this re- 
port. In this connection Desio and PasguarE surveyed a stratigraphic se- 
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quence in the Karkhar region to determine the relationships between the 
Jurassic and Cretaceous marine beds present at this locality (Desio, 1960). 
These studies have enabled us to correlate the chronologically identified 
basal horizons with the Karkhar ones now accurately dated. This work was 
also carried out because, at the time, it was not known that geological stu- 
dies had been started in the same regions and the reports by G. Gapert and 
L. Benpa had not yet been published. For the same reason E. MARTINA was 
asked to carry out a thorough stratigraphic study of the Pull-i-Khumri 
Formation of Cretaceous age, in order to complete the mapping of the lowest 
horizons and of the upper part of the stratigraphic sequence outcropping 
above Barfaq, both already described in a previous report by Desto (1960). 
These sporadic investigations have enabled a correlation to be made between 
the Pull-i-Khumri Cretaceous formation and its coeval formations outcrop- 
ping in Badakhshan. 

Other stratigraphic investigations were carried out in several areas of 
Kataghan and Mazar-i-Sherif with the purpose of achieving a thorough know- 
ledge of the Bluti formation and its relationship with the underlying and 
overlying beds; in the area of our study all the data collected were in- 
complete and doubtful on account of the unfavourable geological setting. 

More surveying was carried out by Martina near Ali Abad where DE- 
sio collected some fossiliferous samples belonging to the Paleogene (DE- 
sto, 1960) while visiting the Shiboglu Kotal area, underlain by formations 
of Eocene age, and surveying a stratigraphic section further to the west, 
near Tashkurghan; both localities are particularly rich in fossils. Between 
1961, the year of our expedition, and the publication of this report several 
works concerning the area investigated by us have been published by 
German and French geologists. We refer to them throughout the text. 


2. STRATIGRAPHIC SEQUENCE OF THE KARKAR FORMATION (Kf) (JURASSIC). 


Previous KNowLepce. — The Karkar region is well known to geologists 
who have worked in Afghanistan because the first evidence of marine Ju- 
rassic sediments in a complex (Saighan Series) which, up to that time, was 
thought to be entirely continental was found there. R. Furon and L. F. Ros- 
SET were the first to discover marine fossils at Karkar. 
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Furon and Rosset announced in a short geological report (1954) the 
discovery of a marine fossiliferous horizon of Jurassic age in the Karkar 
area, about 24 km north-northeast of Pull-i-Khumri. The determination of 
the fossils collected by Rosser was made by Furon. Nine species were 
identified and the fauna was largely attributed to the Bajocian and Batho- 
nian, to be more specific, belonging to the Parkinsonia parkinsoni — Oppe- 
lia aspidoides zones etc. 

When in Kabul in 1954, Desio made the acquaintance of L. F. Ros- 
SET, who in that year and again in 1955 presented him with some samples 
of yellowish-grey fossiliferous limestone. The fossils were examined by 
C. Rosst Roncuett1 and N. Fantini SEstin1, and were mentioned in a pre- 
liminary paper by A. Desio in 1960, further they were illustrated in a re- 
port by the two mentioned authors (1961). 

During the 1961 expedition, Desio and Pasquare collected numerous 
other fossils in the same locality. Rosst RoncHETTI examined the new spe- 
cimens and revised the whole fauna from Karkar in a memoir published in 
the volume IV-2 of the present series (1970). 

The fauna illustrated by Rossit Roncuettr consisted of the following 
species: 

Chomatoseris porpites (W. Smirn) 

Montlivaltia ct. caryophyllata Lamourovux 

Montlivaltia cornutiformis crassa GREGORY 

Montlivaltia cottreaui (CoLLicNon) 

Montlivaltia culullus Grecory 

Montlivaltia cyclolitoides MitneE Epwarps & HaIME 

Montlivaltia decipiens (GotpFuss) 

Montlivaltia gregoryi ALLOITEAU 

Montlivaltia numismalis (pD Onsicny) 

Montlivaltia sp. 

Acanthothyris sp. 

Burmirhinchia hsenwiensis BUCKMAN 

Sphenorhynchia sp. aff. plicatella (SowErRsy) 

Oxytoma cf. inaequivalve (SOwERBY) 

Ascitoma sp. 

Meleagrinella echinata (W. SmrrH) 

Placunopsis socialis Morris & Lycett 
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Ctenostreon rugosum (W. SMITH) 

Camptonectes annulatus (SOwERBy) 
Camptonectes rigidus (SOwERBY) 

Camptonectes sp. ind. cf. C. laminatus (SowERBy) 
Camptonectes richei DECHASEAUX 

Camptonectes sp. 

Plagiostoma cardiiforme (SowERsy) 

Plagiostoma subcardiiforme GnreEPPIN 
Pseudolimea duplicata (SowEnrBy) 

Liostrea aduliformis (SCHLOTH.) 

Nanogyra crassa (W. SMITH) 

Nanogyra nana (SowERBY) 

Trigonia cf. pullus SowERBY 

Lucina cf. rotundata (ROEMER) 

Protocardia sp. ind. 

Pronoella desiot Rosst RONCHETTI 

Pronoella karkarensis Rosst RONCHETTI 
Eomiodon gardeti Moncin 

Pleuromya uniformis (SowERBY) 

Pleuromya sp. ind. 

Corbula sp. aff. daghaniensis Cox 

Corbula sp. 

Homonya douvillei Ross1 RONcHETTI 

Myopholas acuticosta (SowERsy) 

Pholadomya hemicardia RoEMER 

Pholadomya lirata (SowERBy) ) 

Pholadomya sp. aff. deltoidea (SowERBY) 
Cossmannea (Eunerinea) pasquarei Rossi RONCHETTI 
Colastracon (Ovactaeonina) phasianoides (LycEtT) 


According to the author, the above-quoted species exhibit a rather wide 


chronostratigraphic distribution, which is however included within Bathonian 
and Callovian, but, with the specimens collected by our 1961 expedition, 
the new conclusion is that « the horizon of origin of the fossils, and parti- 
cularly level 5 of the type-section, are assignable to the most recent hori- 
zons of Bathonian ». 


Desio recorded in his 1960 report on Afghanistan that among the 
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samples which had been given him by Rosser one was accompanied by 
the following words: « Dalle calcaire crétacée surmontant |’Oolithe 4 Kar- 
kar», This samples is composed of a beige coloured limestone containing 
Inoceramus cf. labiatus SCHLOTH. 

According to the paper by Furon & Rosset, the Jurassic fossiliferous 
limestone would be about 50 m thick and would be overlain by 60 m of fos- 
siliferous limestone. This last would in turn be overlain by gypsiferous 
claystone, several hundred metres thick, which has been referred to the 
Lower Cretaceous by the above-mentioned authors. DEsio concluded that 
the limestone with Inoceramus probably originated from upper layers which 
were analogous to those of the Pull-i-Khumri sequence described in the 
same paper. 

Such was our knowledge on the Karkar locality, before the Drsio’s ex- 
pedition to North-East Afghanistan in 1961. Only the age of the fauna was 
perfectioned with the study of the new fossils by Ross: RoNcHETTI. 

The results of the stratigraphic investigations carried out by us during 
the 1961 expedition are described in a short report by Desio, Crra and Pre- 
MOLI SiLva published at the end of 19635; this report contains the type-sec- 
tion of the new formation and lists its microfauna and microfacies. In the 
meantime the works of GaBert and BENpa were published (1964) but they 
were made available to us only during June 1966, six months after the pu- 
blication of our report (’). 


TypE-SEcCTION. — It is considered sufficient to describe here only the strati- 
graphic sequence surveyed by us and published in 1965 which represents 
the type-section of the Karkar Formation and is used here to correlate its 
Cretaceous horizon with the ones present in Badakhshan. The geographi- 
cal coordinates are: 68° 48’ east Long. and 36’ 03' north Lat. The sequence 
of the Karkar type-section is, from top to bottom, the following (Fig. 17): 


32) thick-bedded, fine to medium-grained, grey-brown sandstone (61 AP-178/ 
35) alternating with bioclastic and oolitic limestone (61 AD-178/34) fos- 
sil fragments and foraminifera; the upper part consists of uniform 
green-brown but mainly grey limestone (61 AP-178/36) more than 20 
m,; 


(1) See page 54, note J. 
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Fig. 17 - Type-section of the Karkar Formation. 
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31) red, grey-green, variegated, fine-grained sandstone alternating with con- 
glomerate consisting of pebbles larger than 5 cm in diameter occasio- 
nally cemented together by an abundant red, arenaceous matrix or by 
a scarce, light grey-brown calcareous-arenaceous matrix, 41 m; 

30) conglomerate with small amounts of grey-brown arenaceous cement; 
the pebbles are quartz and sandstone with also some marl and red and 
green shales derived from the underlying beds, 6 m; 


29) red and green, poorly bedded, fine-grained sandstone, with pebbles less 
than 5 cm in diameter near the base, 39 m; 


28) coarse bedded conglomerate with cobbles up to 10 cm in diameter ce- 
mented by a reddish, sandy matrix. Occasionally the components of 
the conglomerate are angular, 43 m; 

27) sandy shale grading upwards into conglomerate; beds up to 1.50 m 
thick, 29 m; 

26) dark wine-red, massive or friable, laminated sandy shale (61 AP-178/ 
32) with scattered quartz and sandstone pebbles grading into conglo- 
merate (61 AP-178/31 and 33) consisting mainly of limestone, quartz- 
ite, rhyolite, dacite etc., 50 m; 

25) white, thick-bedded, massive anhydrite (61 AP-178/30 bis) with grey, 
grey-green and brown veins, 6 m; 

24) reddish and green shales (61 AP-178/30) with some calcite veins, 4.5 
m, 

23) green and red, white banded, powdery anhydrite with different, often 
brecciated textures with intercalated thin beds of red-green shales and 
marls, 24 m; 

22) white, grey-green or grey-brown, banded, thick-bedded anhydrite (61 
AP-178/29) with intercalated thin beds of red or green shales and 
marls, 5.5 m; 

21) reddis and green, variegated, slightly marly clay (61 AP-178/28) with 
anhydrite lamellae, 13 m; 

20) thin beds of green faldspathic sandstone (61 AP-178/27) alternating 
with clay similar to level 19, 2 m, 

19) reddish and light-green, slightly marly clay (61 AP-178/25) with occa- 
sional thick beds of wavy lamellae of clay and anhydrite (61 AP-178/ 
26), 20 m: 
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18) light grey-green, homogeneous limestone with a few intercalations of 
beds of reddish and green shales, 8 m; 

17) reddish and green, foliated, sandy shales (61 AP-178/23) alternating 
with grey-green siltstone (61 AP-178/24); the shales contain thin con- 
cretionary beds of calcite which increase in thickness upwards (40 cm), 
20 m; 

16) thick beds of brown, brecciated, marly limestone with abundant large 
gasteropods, 2.5 m; 

15) light reddish, slightly arenaceous mar] (61 AP-178/22) with green beds; 
two beds of red, fine-grained sandstone are present 12 m above the 
base, 18 m; 

14) light green, homogeneous and massive limestone (61 AP-178/21) with 
fossil fragments in beds 20-80 cm thick, 3.5 m; 

13) red and light green, normally foliated sandy marl (61 AP-178/20), 10 m; 

12) light grey and light brown, massive, waxy limestone (61 AP-178/12) 
with rare fragments of foraminiera (Lenticulina sp.), crinoids and Ino. 
ceramus are present in beds 30-50 cm thick; in the middle of the se- 
quence an intercalation of ash-grey, foliated, marly limestone is present 
associated with some beds of red clay, 25 m; 

11) thin beds of ash-grey, sandy marls and fine-grained sandstone (61 AP- 
178/11), 3.5 m; 

10) red, sandy marl (61 AP-178/10), 11 m; 

9) light grey, massive, crystalline dolomitic limestone (61 AP-178/9), oc- 
casionally brecciated, in beds 20-50 cm thick, 18 m; 

8) grey, well-bedded limestone with abundant organic remains (61 AP-178/ 
8) including rare foraminifera and Saccocoma with limonite staining, 
2 m (Fig. 18); 

7) red clay grading, at the base, into sandy clay, 17 m; 

6) grey, massive, slightly waxy dolomitic limestone (61 AP-178/7), with 
small calcite veins, in beds 20-40 cm thick, 6 m; 

5) grey-brown marly limestone, occasionally foliated, with zones of oolite 
and a coquina of small pelecypods, foraminifera (Lagenidae such as 
Lenticulina cf. quenstedti Gimb., Vaginulina aff. ovata Espit & Sicat, 
Frondicularia sp., Lituolidae such as Haplophragmoides sp. and Am- 
mobaculites sp., Saccocoma sp.; the limestone alternates with greenish- 
white, foliated, sandy clay. The species of pelecypods collected in situ 
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are the following: Camptonectes richei Decua., Plagiostoma cardiifor- 
mis (Sow.), Pseudolimea duplicata (Sow.), Placunopsis socialis Morris 
& Lycertt, etc. At about ten metres above the base a rock-lens with 
Ostrea sp. is present. All the other fossils came probably from the 
same beds where Desio collected his specimens separately, and among 
them: Plagiostoma subcardiiformis (Gnreprin), Ctenostreon rugosum 
(W. Smirx), Nanogyra nana (Sow.), Pholadomya hemicardia RoEeMeEn, 
Ph. lirata (Sow.), Pleuromya uniformis (Sow.), etc., 16 m; 

4) light oolitic limestone (61 AP-178/5), alternating with white to green san- 
dy clay, with abundant organic fragments and Globochaete alpina 
Loms., foraminifera (Trocholina conica ScHLUM. etc.), and Saccocoma 
sp., 16 m; 

3) grey-brown coquina and odlitic limestone (61 AP-178/4) with Trocho- 
lina conica (ScHLuM.) and fragments of echinoids, 0.5 m; 

2) brecciated limonitic limestone (61 AP-178/2) with small gasteropods, in 
beds 20-30 cm thick alternating with white to green sandy clay (61 
(AP-178/3) showing some carbonaceous material, 12 m; 

1) well foliated, greenish-grey and red, variegated shale (61 AP-178/1), 7 m; 


0) Lens of black coal ranging in thickness from 2 to 9 m; 


01) Several metres of white, arenaceous shale (61 AD-65); 
02) Several metres of red and greenish, fine-grained sandstone (61 AD-65/1). 


The sequence described above may be, from top to bottom, stratigraph- 
ically divided as follows: 
Pull-i-Khumri Calcarenite: 
— beige-coloured limestone with Inoceramus cf. labiatus ScHLoTH. Marine 
(neritic) environment. 
«Green beds»: 

32- fine to medium-grained sandstone alternating with limestone; more than 
20 m. Marine (coastal) environment. 7 
PVYDUBIVIVTVINVIIIITIVGG? Unconformity 999999090VVIVVH WII VW 

«Red Grit»: 
31-26- red sandstone and conglomerate; more than 208 m. Deltaic envi- 
ronment, 
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Karkar Formation: 

25-20- clayey-marly B member with anhydrite; 55 m. Lagoonal environ- 
ment. 

19-1 - calcareous-arenaceous-clay. A member; 216m. Marine (neritic) en- 
vironment. 

YSBBVVVVVVVITVHVVVVT00000 Unconformity worse WWW VV V 

Saighan Formation: 

0  - coal; few metres thick; 

01-02- red and green sandstone and white arenaceous shale; several metres 
thick. Continental environment. 

As regards the age of the formations, it can be stated that the upper- 
most bed represents the base of the Pull-i-Khumri Calcarenite which was 
described by Crra and RuscEx11 (1959), Desto (1960) and Rossi RONCHETTI 
(1961), and referred to the Turonian, with the exclusion of the lower beds 
which seem to belong to the Cenomanian. 

The underlying beds may be considered as a reduced section of the 
« Green beds » which Haypen (1911) assigned to the Cenomanian. 

The red arenaceous-conglomeratic formation is the equivalent of the 
« Red grit » of Haypen (1911) and is dated as Lower Cretaceous. 

The age of the lower fossiliferous beds is the same as that revelated 
by the paleontological studies carried out by Rossi RoncueEtt1 (1970), ice. 
Upper Bathonian. Therefore most of the Karkar Formation belongs to the 
Upper Jurassic: only the basal beds include the upper part of the Middle 
Jurassic. The underlying Saighan Formation (Haypen, 1911) was divided 
by Porot and Tromp (1954) into three membres: Upper, Middle and Lover 
Saighan. The coal measures seem to be frequent in the lower part of the 
Middle Saighan; therefore, if the coal measures of Ishpushta and Karkar 
are homotaxial — as it is probable — both belong to the Middle Saighan. 
Then the Karkar Formation should be the marine equivalent of the conti- 
nental Upper Saighan the Saighan Formation is generally considered to be 
of Upper and Middle Jurassic age, the underlying Upper Doab being refer- 
red to the Lower Jurassic. Our conclusion, based on the marine fauna of 
the Karkar Formation, is the same. 

According to data provided by Gapertr (1964), the coal measures, in 
most parts alternating with carbonaceous shale, are present at different 
levels and, according to palaeontological determinations by Brnpa (1964), 
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contain near Dudkash Nilssonia orientalis Heer, N. saighancnsis Sew., N. 
cf. curvifolia Jaccs & Suuxxa, N. afghanensis Benpa (?), Ptilophyllum sp. 
(A). This fossil flora was assigned to the Middle Jurassic. 

The stratigraphic series of Karkar and Pull-i-Khumri, described in this 
same chapter, have also a common horizon. Horizon 32 of the Karkar sec- 
tion, that is the uppermost one, corresponds, as far as the microfacies is 
concerned, to horizon 13 of the Pull-i-Khumri A section (page 107). Hori- 
zon 13, as will be seen later, is considered to be of Upper Cretaceous age, 
probably Cenomanian. 


Remarks. — It is worth remembering here that a stratigraphic series simi- 
lar to the Karkar one is present in the Upper Amu Darya Depression. In 
this area too (S. J. Juin et al., 1947) the Upper Jurassic is represented by a 
series of grey limestones with some intecalations of clays, marls and also 
coarse sandstone grading into conglomerates with ammonites of Callovian— 
Oxfordian age. This latter series is overlain by the « Haurdan series », which 
is an evaporitic series: the lower part is represented by dolomitized dark- 
grey limestones and red-brown, grey-green anhydrite and gypsum with ter- 
rigenous material, the upper one rock-salt overlain by clays. The gypsife- 
rous formation which contains fossils of Kimmeridgian—Tithonian age out- 
crops, contrary to what happens to other Jurassic stratigraphic horizons, in 
many parts of the Upper Amu Darya Depression and also at Dashtidzhum 
(page 40). 


3. STRATIGRAPHICAL SEQUENCES OF THE PULL-I-KHUMRI LIMESTONE 
(CRETACEOUS). 


Previous KnowLepce. — The first data on this Cretaceous sequence were 
collected by Desio in 1955 (Desio, 1961). The type-section for this for- 
mation was surveyed in the hill overlooking the village of Pull-i-Khumri and 
has a thickness of about a hundred metres. Samples from this section 
provided mega and microfossils which have enabled us to date it as Ceno- 
manian and Turonian; in another calcareous horizon overlying this section, 
fossils were found which could indicate the Senonian. 

D. Wererert (1968) published a stratigraphic series of the same area, 
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but, as already mentioned, this author did not take into account the data 
already reported about this locality considering as new a stratigraphic series 
and a list of fossils described in one of his publications although a strati- 
graphic series with palaeontological data as significant as his had already 
been published in 1959 and 1961 (Cita & RusceLii and Desio). Martina 
collected more data in order to complete the stratigraphic sequence and to 
correlate it more meaningfully than Werppert had done, with other se- 
quences in northern Afghanistan. It is considered useful to describe here 
this type-section as it can be integrated with the others surveyed by Mar- 
Tina in 1961 and discussed later in this chapter. The type-section is, from 
top to bottom, the following: 


13) light-brown fossiliferous calcarenite. The thin section shows a_ bio- 
clastic, medium-grained rock with large fragments of mollusc shells. 
Inoceramus is recognizable among them. Few foraminifera are also 
present and belong to the Miliolidae and Rotaliidae; bryozoa also oc- 
cur. The following species of macrofossils were recognized: Gry- 
phaea vesicularis Lamx., Liostrea rouvillei (Cog.), Exogyra columba 
(LAMK.), Ostrea incurva var. acutirostris NiLsson, Cytherea plana (Sow.), 
8m; 

12) Whitish and light-brown nodular calcarenite containing Inoceramus la- 
biatus (Scuu.) and var. latus Sow. In the same bed, a_bioclastic 
brown-pink limestone contains fragments of Inoceramus shells and nu- 
merous foraminifera belonging to Cuneolina sp., Dicyclina sp. and Mi- 
liolidae, Textulariidae, 6 m; 

11) brown, flaggy, marly calcarenite, 6 m; 

10) calcarenite similar to that of horizon 11 with small Exogyra sp. and re- 
mains of echinoids, 6 m; 

9) greenish, clayey marl, 3 m; 

8) reddish, hard biohermal limestone and marl, 3-4 m; 

7) greenish marl with thin beds of fine-grained breccia, intercalated, 3-4 
m,; 

6) greenish, calcareous marl with some beds of greenish hard limestone 
intercalated, 15 m; 


5) reddish, clayey marl, 2.5 m; 
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4) yellow and greenish, brecciated, arenaccous limestone with small cal- 
cite nodules, 17 m; 

3) green, clayey marl with gypsum, 3.5 m; 

2) greenish, nodular calcarenite with some thin interbeds of brown crinoi- 
dal limestone. In thin section the limestone appears as a_ bioclastic 
rock with very abundant fossil fragments of molluscs; echinoids, cri- 
noids (stem segments), bryozoa and rare algae (Melobesia), 12 m; 

1) yellowish-brown, occasionally cross-hedded calcarenite with small irre- 
gular echinoids, among them Epiaster cf. henrichi Pen. & Gautu. Other 
fossils, belonging to the Cenomanian, include Plicatula fourneli Cog. 
and Exogyra conica Woops. 


The sections surveyed in 1961 by Martina near Pull-i-Khumri village in 
the vicinity of the road leading to Doshi, are now described (Fig. 19). Al- 
though the sections are separate, they can be connected, however, to a total 
thickness greater than that measured in 1955. 


Section A. 


This stratigraphical section was surveyed 5 km south of Pull-i-Khumri 
village and a few hundred metres to the east of the road to Doshi, on the 
ridge descending towards the Baghai pass (Kotal Baghai). The geographi- 
cal coordinates are: 68°45’ east Long. and 35°53’ north Lat. From the top 
to the bottom, the stratigraphical sequence is as follows (’): 


— erosion surface; 

19) brown, dolomitised limestone (biosparite) (61 AE-97/12) with badly pre- 
served fossils (molluscs, bryozoa, and echinoid fragments), in beds 20- 
40 cm thick, 4 m; 

18) light-brown limestone (biosparite) (61 AE-97/11) with abundant clastic 
quartz and frequent odlites; also mollusc fragments, gasteropods, bryo- 
zoa and echinoid fragments, 8 m; 

17) light, odlitic limestone (sandy and odlitic biosparite) (61 AE-97/10) with 
molluscs, echinoid fragments, and bryozoa, 4 m; 


(1) The description of the microfacies is contained in the Palacontological Appendix 1. 
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sectionB GEOGRAPHICAL COORDINATES OF THE SECTIONS: 


d lat. 35° 53'N — long. 66° 45'E Greenw. 
B iat. 35° 5S6'N — long. 66°44’E Greenw. 
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Fig. 19 - Stratigraphical sections of the Pull-i-Khumri Limestone. 


PULL-I-KHUMRI LIMESTONE 109 


16) brown, dolomitised limestone (biosparite) (61 AE-97/9) with clastic 
quartz, molluscan shells, echinoid spines and plates, bryozoa, 6 m; 

15) yellow, foliated, well cemented sandstone, 8 m; 

14) yellowish sandstone (61 AE-97/8) with calcareous cement (biosparite), 
odlites, molluscan shell fragments, 1 m; 

13) yellow limestone (sandy oosparite) grading into sandstone (61 AE-97/7), 
with odlites and small unrecognizable organic fragments, 7 m; 

12) yellowish sandstone (61 AE-97/5) with calcite and quartz grains grading 
into fine-grained conglomerate, alternating every 50 cm with bright red 
marl (61 AE-97/6) containing gypsum and calcite crystals, 13 m; 

11) grey sandstone in beds 25 cm thick alternating with beds (1 m) of grey 
and reddish conglomerate with arenaceous cement and containing peb- 
bles up to 8 cm in diameter, 3 m; 

10) beds, 20 cm thick, of grey and red sandstone alternating with 20 cm 
thick beds of grey and reddish conglomerate with pebbles from 1 to 
8 cm in diameter, 3 m; 

9) light grey-green sandstone alternating, every 10-20 cm, with light grey- 
reddish sandstone (61 AE-97/4), 2.5 m; 

8) greyish badly cemented conglomerate with arenaceous cement con- 
taining quartz and black schist pebbles up to 6-7 cm in diameter, 1.5 
m, 

7) greyish conglomerate with arenaceous cement containing quartz and 
black schist pebbles up to 6-7 cm in diameter, 1.2 m; 

6) light grey-green, cross-bedded sandstone (61 AE-97/3) with many round- 
ed quartz grains, calcite crystals and gypsum lamellae, 7 m; 

5) greyish conglomerate with arenaceous cement containing quartz and 
black schist pebbles up to 6-7 cm in diameter, 1 m; 

4) grey, marly sandstone, 2 m; 

3) greyish conglomerate with arenaceous cement (61 AE-97/2) containing 
quartz and biotitic paragneiss pebbles up to 5-7 cm in diameter, 2 m; 

2) greyish cross-bedded, marly sandstone with some grey-coloured pebbles 
of biotitic paragneiss, 6 m; 

1) grey, marly sandstone (61 AE-97/1) with pebbles of biotitic paragneiss, 
0.1 m; 

— transgressive contact between the above sequence and the underlying 

grey biotitic paragneiss with pink plagioclasic pegmatitic veins. 
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The thickness of this sequence is 80.3 m. 

At the base of the ridge, in the talus, a fragment of light-yellow, arena- 
ceous limestone with some impressions of Inoceramus sp. was found (61 
AE-99). 


Section B. — This stratigraphical section was measured in the small valley 
just to the east of Pull-i-Khumri, above the village (Fig. 19). The geogra- 
phical coordinates are: 68° 44° east Long. and 35°56’ north Lat. From the 
top to the bottom the stratigraphic sequence is as follows: 


— eroded surface; 

28) brown, dolomitised, impure limestone (biosparite) (61 AE-95/22) with 
corals, bryozoa, echinoid spines and plates, Inoceramus prisms and Sto- 
miosphera spp., in compact beds 10 cm thick, 3 m; 

27) light-coloured limestone (intra-biosparite) (61 AE-95/21) with molluscs, 
bryozoa, echinoids, Stomiosphaera spp., in compact beds 5 cm thick, 6 
Mm, 

26) brown limestone (intra-biosparite) (61 AE-95/20) with molluscan shells, 
echinoids, bryozoa, Stomiosphaera spp., in beds 5-10 cm thick, 3 m; 

25) light-brown limestone (biomicrite) (61 AE-95/19) with fragments of mol- 
luscs, echinoids and bryozoa in beds 50 cm thick, 2.5 m; 

24) light-brown, dolomitised limestone (biomicrite) (61 AE-95/18) with frag- 
ments of molluscs, echinoids and bryozoa in beds 80-100 cm thick, 5 m; 

23) light-brown limestone (bio-intrasparite) (61 AE-95/17) with molluscan 
fragments, echinoid spines and plates, bryozoa, fragments of corals, 
rare agglutinating foraminifera, Stomiosphaera spp. in beds 20-40 cm 
thick, 10 m; 

22) yellowish, very fine-grained quartz and mica sandstone with dolomite 
crystals (61 AE-95/16) and light-coloured, massive, slightly foliated, mar- 
ly arenaceous limestone, 8 m; 

21) whitish calcareous conglomerate, 16 m; 

20) conglomerate with white calcareous cement (61 AE-95/15 bis) consisting 
of small pebbles of quartz, orthoclase, quartzite and chert. Fragments 
of molluscan shells are abundant in the sparry cement. 

19) reddish, calcareous conglomerate (61 AE-95/15) consisting of quartz and 
black slate pebbles up to 5-7 cm in diameter, 8 m; 


PULL-I-KHUMRI LIMESTONE 111 


18) red and brown mudstone (61 AE-95/14) with gypsum and rare Lageni- 


17) 


16) 
15) 
14) 
13) 
12) 
11) 


10) 
9) 


8) 
7) 
6) 


5) 


4) 


3) 


2) 


dae, 15 m; 

red limestone (sandy intrabiosparite) grading into sandstone (61 AE-95/ 
13 bis) containing quartz crystals, molluscan shells, foraminifera (Cu- 
neolina sp., Dicyclina sp. Lituolidae, Miliolidae), 3 m; 

light-brown limestone (biointrasparite) (61 AE-95/13) with molluscs and 
foraminifera (Cuneolina sp., Dicyclina sp., etc.), 4 m; 

light-coloured, fine-grained sandstone (61 AE-95/12 bis) with quartz, mi- 
ca, calcite, dolomite crystals, and fossil impressions, 5 m; 

red, argillaceous marl, 10 m; 

yellow, red and green calcareous marls (61 AE-95/12), 4 m; 

yellow, compact limestone (sparite) (61 AE-95/11), 2 m; 

red, argillaceous marl (61 AE-95/10) with rounded gypsum grains, bryo- 
zoa, and grey marl, 11 m; 

yellow limestone (sparite) in beds 10-30 cm thick, 3 m; 


yellow and white when altered limestone (biosparite) (61 AE-95/9) with 


abundant molluscan (?) fragments in compact beds 5-10 cm thick, 0,8 m; 
yellow limestone (sparite) (61 AE-95/8) in beds 10-30 cm thick, 6 m; 
bright red and grey, argillaceous marl (61 AE-95/7) with rounded frag- 
ments of red limestone, gypsum lamellae and crystals, ostracods, ag- 
glutinating foraminifera and gasteropod impressions, 4 m; 

brown, fossiliferous limestone (oosparite grading into biosparite) (61 
AE-95/6) with bryozoa, mollusc and echinoid fragments, in beds 5-10 
em thick, 10 m; 

light-brown limestone (oobiosparite) (61 AE-95/5) with bryozoa, mol- 
luscan fragments and probable Dasycladaceae, in beds 5-10 cm thick, 
4m; 

light-brown limestone (sandy biomicrite) (61 AE-95/4) with abundant 
bryozoa, molluscs, and echinoid fragments, in beds 5-10 cm thick 15 m; 
brown limestone (sandy biosparite) (61 AE-95/3) grading into fossilife- 
rous orthoquartzite, with molluscs, bryozoa and echinoid fragments, in 
compact beds 5 cm thick, 8 m; 

yellowish limestone (sandy biosparite) (61 AE-95/2) grading into fossili- 
ferous orthoquartzite with calcitic cement, with molluscan shells and 
bryozoa colonies, in thick beds, 3 m; 
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1) light-brown, foliated limestone (oosparite) (61 AE195/1), yellow when al. 
tered, with detrital quartz, in beds 10 cm thick, 6 m; 


— alluvial deposits. 


This section is 177.8 m thick. 


These sections are particularly interesting since they enable a correla- 
tion to be made with the sequences of Cretaceous formations in Badakh- 
shan. The correlations are based on studies of the microfaunas and micro- 
facies carried out by Cita and Premoti Sitva. The first were published in 
the series IV, vol. 2 of this collection, the second in the Palaeontological Ap- 
pendix 1 to this volume. First these correlations show that horizon 13 of the 
Pull-i-Khumri A section corresponds to horizon 1 of the B section, thus it is 
possible to add all section B to horizon 12 of the A section. The validity of 
this correlation is proved by the similarity of horizon 3 of section B and ho- 
rizon 17 of section A. If it is borne in mind that the base of section A is 
represented by a clastic deposit marking the transgression of the sedimenta- 
ry series onto the crystalline basement of this region, and the uppermost ho- 
rizon of section B is fossiliferous and can therefore be dated, it is possible 
to establish a stratigraphic series, most of which is Cretaceous, 225.3 m 
thick (B = 177.3 m + A = 80.3 m = 257.6 m — 82.8 m in common = 
<= 225.3 mi). 

Another correlation has also been established with the Karkar section 
described in the previous chapter. In fact horizon 18 of the Pull-i-Khum- 
ri A section corresponds to horizon 32, that is the uppermost part of the Kar- 
kar section. This means that beds 1-12 of the Pull-i-Khumri A section can 
be correlated with the beds underlying horizon 82 of the Karkar section. 
The thickness of beds 1-12 is, however, only 42 m: the crystalline basement 
underlies them. Underneath horizon 32 of the Karkar section there is a se- 
quence about 1860 m thick. Between Karkar and Pull-i-Khumri, a distance 
of about 20 km, the crystalline basement therefore rises 1860 m. This ex- 
plains why the Doab and Saighan formations are missing at Pull-i-Khumri. 

It has not been possible to date directly horizons 1-12 of section A, but 
it is known that horizon 18 corresponds, according to the microfacies, to 
horizon 32 of the Karkar Formation type-section and to horizon 11 of the 
Qara Tut section belonging to the Gazestan Formation (at the base of the 
Baba Darwes Formation); both horizons can be assigned to the Lower Cre- 
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taceous-Cenomanian (?). Therefore, horizons 1-12 belong to the Lower 
Cretaceous-Cenomanian (?). The thickness of horizon 82 at Karkar is 20 m; 
the thickness of horizons 1-13 at Pull-i-Khumri is 48 m. Horizon 32 has been 
correlated with the « Green beds » which, in this area, are generally as- 
signed to the Cenomanian (Desio, Crra & PrEMOLI Sitva, 1965). Beneath, 
the « Red Grit » occurs which, at this locality has been assigned to the Low. 
er Cretaceous. It is probable that the « Red Grit » is present in horizons 
1-12. 

Such an interpretation is supported by the presence of red-coloured 
beds (horizons 9-12) which have a total thickness of 21 m. Underlying 
them there are 27 m of conglomerates and mostly grey sandstones which 
can not be correlated with any horizons of the Karkar Formation but 
which, on account of their direct contact with the crystalline basement, 
could be the equivalent of the Shingan conglomerate and the Qara Bulaq 
Sandstone outcropping in Badakhshan. Most probably, the clastic beds 
underlying the calcareous series of Pull-i-Khumri (horizons 1-12 of section 
A) should be correlated with the upper arenaceous-conglomeratic member 
(Archa Kotal Member) of the Mohammad Aba Sandstone: this member could 
represent locally the basal conglomerate of the Albian-Cenomanian trans- 
gression (?). 

These new data add to our knowledge of the Pull-i-Khumri formation. 

In fact, horizon 12 of Desio’s type-section can be correlated with 
horizons 16-17 of section B: both contain Cuneolina sp. and Dicyclina sp. 
In the upper parts ot bath sections the presence of Inoceramus remains was 
noted, and in the lower parts calcareous algae. On the whole, it can be 
assumed that the type-section includes a series of beds which are equivalent 
to (and perhaps also greater than) the series of beds underlying horizon 16 
of section B and to only a few metres of the overlying ones; consequently 
horizons 17-28 of section B could well represented the completion of the type- 
section. Good palaeontological determinations were used to date the ty- 
pe-section: the uppermost horizons belong to the Turonian, the lowermost 
ones to the Cenomanian. It was not possible to date the upper horizons 
of section B, but since the microfacies with Cuneolina sp. and Dicyclina sp. 
(horizons 16 and 17) is also present in the type-section of the Baba Darwes 
Formation, it is reasonable to assume that the uppermost horizons of the 
Pull-i-Khumri Calcarenite do not extend to the Maastrichtian, present at 
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Baba Darwes, and probably not even to the Campanian. However, as con- 
glomeratic horizons 19, 20 and 21 mark a hiatus (which in the Baba Darwes 
section comprises a large part of the Turonian and Senonian sequence; this 
hyatus was also recognized in neighbouring Tadzhikistan by Russian au- 
thors), it follows that the upper horizons with bryozoa (22-28) of section B 
must represent a new sedimentary cycle including here a part of the Seno- 
nian (’). 


4. THE CRETACEOUS AND PALAEOCENE SEQUENCE OF BARFAQ. 


Previous KNow.epce. — The first person to note the spectacular section 
along the old road from Kabul to Kunduz which passes Doab mountain and 
which displays a high rocky cliff face, was H. H. Haypen (1911). He has 
left us a photograph and a brief description. 


Desio (1961) provided a more complete description of the section in a 
note which is summarised below. The sequence is as follows: 


7) White limestone with Inoceramus labiatus (ScHLOTH); 

6) white hard bioclastic limestone with calcareous algae (Lithophyllum), fo- 
raminifera, (Textulariidae, Miliolidae), pelecypoda and gastropoda; 

5) thin-bedded yellowish calcarenite; 

4) yellowish calcareous conglomerate; 

3b) green sandy clay; 

3a) red sandy clay; 


2) red conglomerate made up of pebbles of quartz, black slate, and green 
rocks; 


1) Saighan series. 
Horizons 2-5 are referred to the « Red Grit » and the « Green Beds » (Lower 
Cretaceous and Cenomanian), horizons 6-7 to the Turonian. 


Horizon 7 has been correlated with horizon 12 in the type-section of 
Pull-i-Khumri because both contain the same species of Inoceramus. 


(1) For comparisons with this region see Appendix 2. 
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Fig. 20 - Stratigraphical section of the Barfaq sequence. 
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STRATIGRAPHICAL SEcTIoN. — This stratigraphical section was surveyed in 
the Surkhab valley near the village of Tala Barfaq, on the precipitous western 
side of the valley immediately above the Doab—Doshi road (Fig. 20). From 
the top to the base the lithological succession is as follows (’): 


— erosion surface of the calcareous plateau; 

16) quartz sand, with glauconite and mica flakes, with pebbles (often of 
sandstone), rare foraminifera like Miliolidae, Cibicides) (61 AE-100/1); 
with thin intercalated beds of sandstone and limestone, 10 m; 

15) light coloured impure limestone (biosparite) (61 AE-100/2), with mol- 
lusca, echinoid fragments and bryozoa, Cibicides, Rotalidae, in 10-20 
cm beds, 18 m; 

14) greenish marl (61 AE-100/3), with arenaceous granules, glauconite, mi- 
ca flakes, gypsum crystals, ostracoda and echinoid spines, a large inde- 
terminate lamellibranch and abundant foraminifera (including plankton- 
ic species) Marginulina, Lenticulina, Cibicides, Gyroidina etc., 2 m; 

13) compact brownish limestone (biosparite) (61 AE-100/3 bis) with milio- 
lids and agglutinating foraminifera, Cibicides, molluscan and echinoid 
fragments, melobesid algae, 33 m; 

12) light brownish limestone (intrabiosparite) (61 AE-100/4) with miliolids, 
agglutinating foraminifera, lagenids, rotalids, calcareous algae, mollus- 
can fragments, 11 m; 

11) yellowish limestone breccia, 2 m; 

10) reddish sandstone and red clay, 15 m; 

9) yellow more or less marly limestone (biomicrite) (61 AE-100/5) with 
abundant miliolids, large rotalids and agglutinating foraminifera, 18 m; 

8) white impure argillaceous limestone (micrite) (61 AE-100/6) with pel- 
letoid structure and containing rounded quartz grains in beds from 10 
to 100 cm, 33 m; 

7) yellowish limestone (partly pelletoid micrite) (61 AE-100/7) with abun- 
dant rounded quartz grains and large rotalids, in beds from 10 to 100 
cm, 382 m; 

6) yellow limestone (pelletoid microsparite) (61 AE-100/8) with abundant 
clastic grains (quartz crystals) in beds from 10 to 100 cm, 28 m; 


(1) The microfacies description is contained in the Palaeontological Appendix 1. 
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5) yellowish calcareous conglomerate, 3 m; 

4) greenish sandy clay, 0.80 m; 

3) red sandy clay with intercalations of red sand in beds of 20 em thick- 
ness, 13 m; 

2) reddish well cemented conglomerate, with rounded pebbles (up to 20 cm 
in diameter) of quartz, green rocks, dark slate; with intercalations of 
reddish sand with small pebbles, 6 m; 

1) conglomerate as above, but poorly cemented, 40 m; 

— unconformity. 

Saighan Series. 


The total thickness of the section is 264.80 m. 

In the detritus at the foot of the escarpment where the section was 
measured, fragments of a limestone with casts of Inoceramus sp., were 
found which presumably are of the same species (I. labiatus ScHLOTH.) as 
found by Desio in 1955. 


AcE. — The units 1, 2 and 3, totalling 59 metres, can be referred to the « Red 
Grit » (DEs1o 1961) because of their lithological characteristics, their colour- 
ation and also their discordant relationship on the « Saighan Series ». 

Similarly units 4 and 5, totallling 3.80 m can be referred to the « Green 
Beds ». 

Horizon 13 has a characteristic microfacies which corresponds to that 

of horizon 02 in the Ambar Koh section, to horizon 1 in the C section at Ali 
Abad, and horizons 2 and 4 in the Tashkurghan section (see Palaeontological 
Appendix 1). 
The age of these horizons can be defined indirectly, since they overlie hori- 
zon | (of Maastrichtian age) in the Tashkurghan section and it underlies the 
beds with planktonic foraminifera of Middle Palaeocene age in Barfaq (hori- 
zon 14), Ambar Koh, Ali Abad A, and Tashkurghan sections, which indicates 
a Middle Palaeocene age. 

It can therefore be demonstrated that the underlying horizons of the 
Barfaq section (from 6 to 12) are Cenomanian and Turonian (the latter 
because of the presence of Inoceramus labiatus ScHLotu.) and the overlying 
strata from Upper Cretaceous up to the Middle Palaeocene. 

On the other hand horizons 15 and 16 in the Barfaq section, overlying 
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the erosion surface which indicates a significant break corresponding at 
least to the Upper Palaeocene (see Palaeontological Appendix 1) are possi- 
bily of post-Palaeocene age. 


5. THE SEQUENCES OF THE AMBAR KOH FORMATION (EOCENE). 


Inrropuction. — Ambar Koh (or Koh-i-Ambar) is a mountain about 20 km 
long, of ellipsoidal form with the major axis oriented towards the north, 
which rises north of the road from Talugan to Khan Abad, in Kataghan. 
Its base is at about 600 m, and rises to a height of 1979 m above sea level. 
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Fig. 21 - Geological section across the south slope of Ambar Koh (It = Palaeocene 
limestone; ma = marl, sandstone and conglomerate of the Ambar Koh Formation). 


The mountain has a general whale back profile, with the western side cut 
in part by a rocky wall (fault). There is a noticeable morphological con- 
trast between the elevated parts of the mountain shaped like a dome and 
the lower slopes minutely broken up by erosion into numerous small val- 
leys, ravines and trenches of varying size. 

From the point of view of the tectonics the Ambar Koh is a brachyan- 
ticline eroded to its calcareous core (Fig. 21) which is of Palaeocene and Cre- 
taceous age, surrounded on all sides by a mantle of sandy marl, grey and red 
in colour, of Tertiary age (Fig. 22). Towards the west the anticline 
is faulted. 
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This mountain has only been summarily surveyed geologically. One 
stratigraphic section on the south-southeast side was surveyed and sampled 
for fossils and rocks. Other stratigraphic observations and a further collec- 
tion of rocks and fossils were made on the southern side as it will be 
described below. 


Previous KNOWLEDGE. — The first geological information on the Ambar Koh 
has a palaeontological character and was presented by L. R. Cox in 
1938. The fossils mentioned by Cox were collected in 1936 by H. pr Cr- 
ZANCOURT and H. Vautnin and were sent to him for study. In this respect 
Cox wrote: 

« Au Koh-i-Ambar, des échantillons, recuellis dans la partie moyenne des se- 
ries 4 Ostreidae, ont donné des formes qui paraissent étre plus ou moins in- 
termédiaires entre la type d’Ostrea multicostata et sa varieté strictiplicata. 
comme les observations de terrain semblent indiquer pour horizon cor- 
respondant un age légérement anterieur a celui des horizons précédentement 
en cause, il est possible que l'Yprésien soit ainsi représenté ». 

No other publications appeared until 1964 when C. Hinze published 
a summary account of a sequence (4 horizons) studied near the village of 
Hazara Qolugh on the south-western side of Ambar Koh, a series almost 400 
m thick. 

From the new samples collected there the microfossils were determ- 
ined in a preliminary way and without taking account of the Russian litera- 
ture, however, no list relative to the Ambar Koh was given. On the other 
hand, five species of Ostracea were mentioned that is: Gryphaca esterhazyi 
Pavai, Gryphaea cizancourti (Cox), Liogryphaea cocanensis (Cox), Ostrea 
longirostris Haur., O. cf. multicostata Desu., Cardium cf. porulosum Haur., 
Clamys sp. O. multicostata was found also near the Cungha-i-Ulya bridge 
and on the southern side of Koh-i-Jawlancha. 

According to this author the Grypheae came from the upper part of the 
section of Ambar Koh. 

The same section discussed by Hrvzz was mentioned Jater with certain 
variations by M. Karver (1965). Acccording to these authors in this sequence 
all the stages from the Upper Cretaceous to the Middle Eocene are re- 


presented, but in reality the attribution of the lithostratigraphic units iden- 
tified are in part arbitrary. 
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Fig. 23 - Type-section of the Ambar Formation. 
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O. S. Viatov, I. NepeLku & Niza dealt with the Ambar Koh sections, 
mainly the first author, in a report in 1966 dedicated to the rectification 
of certain preceding interpretations on the basis of a revision of Cox’s pa- 
laeontological determinations. 


Type Section. — The type section was surveyed at 36° 46’ north Lat. 
and 69° 18’ east Long. of Greenwich in the valley which descends on the 
south-southeast side of Ambar Koh and which joins the Taluqan valley in 
front of the village of Eshanan, 17 km west of Taluqan (Fig. 23). The beds 
dip towards the south-east at 40°. From Ambar Koh going down towards 
the Taluqan river, the lithostratigraphical sequence is as follows from top 
to bottom (’): 


30) reddish sandstone (61 AE-88/1) with grey sandstone intercalations (61 
AE-88/2). The beds dip towards the SE at 50°. Thickness 50 m; 

29) light yellowish sandy marl (61 AE-88/3), 0.50 m; 

28) yellowish sandy marl (61 AE-88/4), 5 m; 

27) reddish sandstone, 2 m; 

26) grey sandstone, 3 m; 

25) grey sandstone with small pebbles, 2 m; 

24) grey sandstone, 5 m; 
) 
) 
) 


bo 


3) grey-brown marl (61 AE-88/5), 1 m; 

22) greyish sandstone, 3.50 m; 

21) yellowish marl (61 AE-88/6), 3.50 m; 

20) grey sandstone, 6 m; 

19) grey and reddish argillaceous marl (61 AE-88/), 4 m; 

18) grey sandstone, 2 m; 

17) yellowish sandy marl (61 AE-88/8) with some intercalations of grey 
sandstone, 7.50 m; 

16) grey sandstone with small pebbles, 4 m; 

15) grey sandstone alternating with reddish marl, 100 m; 

14) reddish marl (61 AE-88/6) with intercalations at certain horizons of 

sandstone and sand, grey and reddish in colour, 500 m; 


(1) See in the Palaeontological Appendix 1 the description of the microfacies. The fossils are 
described in the IV-2 volume of this collection (see page 16). 
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13) grey sandstone, 10 m; 

12) grey conglomerate; the dip is to the south-east at 45’, 8 m; 

11) reddish marl, 4 m; 

10) reddish sandstone, 5 m; 

9) reddish marl (61 AE-89/5) rich in minute detrital red and black elements, 
yellowish quartz, iron ore, fragments of crystalline rock and calcite 
grains, probably of organic origin. The microfossil content is poor and 
not well preserved. It consists of bryozoa and foraminifera, among 
which are agglutinating forms, Cibicides and Globigerina sp., 45 m; 

8) grey marl 20 m; 

7) grey light calcareous marl 2 m; 

6) grey marl (61 AE-89/4) with fossils, including Pterolucina pharaonis bia- 
lata (BELLaRD!), Fatina beldersaiensis romanowski (Boum) (Plate III 
fig. 2), 2 m thick; 

5) grey marl more or less calcareous, 36 m; 

4) grey marl, 3 m; 

3) grey marl more or less calcareous (61 AE-89/3), with fossils including Pte- 
rolucina mokattamensis (OPPENHEIM), P. pharaonis bialata (BELLARDI), 
Meretrix semisulcata (LAMK.), Arctica transversa pARcHIAC, Cardium 
kaulanum Cotter, 2 m; 

2) light grey marl with arenaceous fragments, iron ore and pyrite. The 
organic content is made up of molluscan fragments, fish teeth and 
abundant foraminifera. The assemblage is dominated by the Lageni- 
dae including Robulus roemeri (Reuss), Robulus sp., Nodosaria sp., 
Lenticulina sp., Buliminidae, Stilostomella sp., Bulimina ovata pOnrsi- 
cny, Textularia sp., Eponides sp., Cibicides sp., Globorotalia ehrenbergi 
Botur and Globigerina triloculinoides PLuMMeER of the Upper Palaeoce- 
ne, together with Acarinina falsospiralis Daviwson & Morozova, Globi- 
gerina sp. aff. incostans SusBoTina etc., 40 m; 

1) grey foliated calcareous marl, 5 m; 

01) white gypsum with intercalations of grey limestone in beds 10 cm thick, 
20 m; 

02) maroon limestone (impure foraminiferal biosparite) (61 AE-89/1) with 
molluscan and echinoid fragments, abundant Cibicides sp. and related 
forms, Miliolidae, agglutinating foraminifera, Rotalidae, in thick beds 
etc. 


, 
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The total thickness of this section is more than 900 m. 

In front of the village of Eshanan, where the small valley in which this 
stratigraphic section was measured joins the Taluqan river, the following 
fossils were collected but not in situ (61 AE-89/7): 


Ostrea (Cymbulostrea) multicostata DEsuyEs, 

Ostrea (Turkostrea) cizancourti Cox, 

Ostrea (Turkostrea) khaudaguensis Viauov, 

Ostrea sp. indet. ViALov, 

Ostrea (Turkostrea) turkestanensis turkestanensis RoMANowSKy, 
Ostrea (Turkostrea) turkestanensis alaica Via.ov, 

Ostrea (Turkostrea) turkestanensis borgalensis Viavov, 

Liostrea (Kokanostrea) kokanensis (SoKo.ov), 

Gryphaea (Ferganea) sewerzowi ROMANOWSKI 

Gryphaea (Gryphaea) smirnowi Romanowski 

Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, partim VIALov), 
Fatina (Sokolowia) esterhazyi buhsei Grew, 

Fatina (Fatina) béhmi béhmi (V1avov), 

Fatina (Fatina) beldersaiensis beldersaiensis (GortvzRo, partim V1ALov), 
Fatina (Fatina) beldersaiensis romanowskyi Boum. 


These fossils are certainly derived from units of the Ambar Koh section. 

Certain other observations were made along a torrent course which 
descends along the southern side of the Ambar Koh towards the Hugi Jan- 
gal « caravanserai » and which cuts across the series of beds partly covering 
the ellipsoidal structure. These beds dip to the south at 40°. Fossils were 
collected at two different horizons, and others without any distinction of 
horizon (Fig. 21). 

The lowest bed of the local series is a greenish marly limestone (61 AD- 
55/1) of which blocks were collected which had fallen from the rock walls 
at the head of the torrent bed (Plate III, fig. 1). The fossils collected from 
the blocks include Ostrea (Turkostrea) khadaguensis Viauov, Ostrea (Turk- 
ostrea) turkestanensis baissunensis Boum, Ostrea (Turkostrea) cizancoutti 
Cox, all Lutetian forms (Alai stage). The much thicker overlying beds are 
composed of argillaceous marls and red and grey-green sandstone (61 AD- 


55) with gypsum. The fossils collected sporadically through these beds in- 
clude the following species: 
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Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, partim VIALov), 
Fatina (Sokolowia) esterhazyi buhsei (Grew), 

Fatina (Fatina) bohmi bohmi (Viavov), 

Fatina (Fatina) beldersaiensis beldersaiensis (Gorwzno, partim VrALov), 
Fatina (Fatina) beldersaiensis romanowskyi Boum. 

These are forms from the Priabonian (Turkestan stage). 


— 


From the lithostratigraphical point of view this series of beds, which 
are relatively homogeneous, is well qualified to represent a true formation 
and, from the mountain where they are best exposed, they can be called the 
Ambar Koh Formation. At the base there are beds of limestone and gyp- 
sum of horizons 01 and 02 which form part of the underlying formation (Ba- 
ba Darwes Formation) and which comprises the core of the Ambar Koh struc- 
ture. 

The Bluti formation must be coeval with the Ambar Koh Fomnation of 
which it represents, however, only an intermediate part (see page 86). 

The top of the formation is not known because locally the highest 
horizons disappear under recent alluvium: probably more extensive local 
study would enable the top to be determined. 

However it should be noted in this connection that among the fossils 
collected not in situ there is a species, Gryphaea (Ferganea) sewerzowi Ro- 
MaNowsky of Oligocene age, which is also present in the fossiliferous Oligo- 
cene outcrops occurring further to the west (Shiboglu Kotal) and which will 
be discussed below. 

It is thus possible that the highest beds of this formation are of Oligoce- 
ne age. 

Again from the lithostratigraphical point of view the Ambar Koh Form- 
ation can be divided into two members which are termed member A and is 
predominately marls, in the lower part, and member B which is mainly sand- 
stone, in the upper part. 

The first comprises horizons 1-11 and is 164 m thick, the second hori- 
zons 13-30 and is 709 thick. The two members are separated from each 
other by a bed of conglomerate 8 m thick and perhaps by a slight uncon- 
formity. 


AREAL DistripuTion. — This formation apart from forming all the flanks of 
the Ambar Koh structure, also composes the mountain which rises to the 
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west, or rather to the north-northeast of Khan Abad. It forms the western 
part of Koh-i-Jawlanca, between 1292 m and 960 m north of Awlya Chasma. 
The same formation extends also to the north and south as far as the im- 
mediate neighbourhood of Khan Abad where it disappears under the 
discordant gravels of Taluqan (Fig. 16). If one follows the road from Talu- 
qan to Khan Abad, at the height of Ab Sarina beyond the alluvial terraces, 
one sees towards the west the red marl beds which comprise all the heights 
which form the south-westerly slopes of Ambar Koh. Between Eshanan and 
Nagel beds become almost vertical. 

Further, at the height of the village of Chin Za-i, the same red marls 
pass from the right hand side to the opposite side of the Taluqan valley. 

From the Cugha-i-Ulya bridge as far as Khan Abad the road crosses the 
Khan Abad river and runs along the slopes of a series of hills composed of 
of the same red marl formation in beds with a moderate dip towards the 
south-east. 


Near Khan Abad the formation disappears under the Talugan gravel cover. 


AcE. — The age of Ambar Koh Formation is fairly well documented by de- 
terminations on the fossils which were collected at various horizons. The 
following is a list starting from the lowest levelsof the type-section. 


a) The lowest fossiliferous horizon which has provided significant spe- 
cies is horizon 2. It contains a fairly rich foraminiferal fauna with the zon- 
al marker Globorotalia ehrenbergi Bott which is typical of the Middle 
Palaeocene. Beds 1 and 2 and the underlying limestone (gypsiferous) re- 
present, by correlation with similar deposits in Tashkurghan, Barfaq and Ali 
Abad, the Middle Palaeocene and correspond to the lower horizons of the 
Bukhara stage of Tadzhikistan with which they also have lithological af- 
finites. 


b) Above these beds horizon 3 is encountered which has provided var- 
ious macrofossils. Of these, two are Lutetian species, that is Pterolucina 
mokattamensis (OPPENHEIM) and Meretrix semisulcata (LAMK.). Two forms 
are also present in the Lutetian (Alai stage) and the Priabonian (Turkestan 
stage) that is Pterolucina pharaonis pharaonis (BELLanpD1) and Pterolucina 
phdraonis bialata (Beviarvi). Of the two remaining, one is known only 
from the Ypresian, that is Arctica transversa p’Arcuiac and the other Car- 
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dium kauleanum Correr. It should be noted that the above mentioned 
species seem to represent, when grouped together, both the Lutetian (Alai 
stage) and the Priabonian (Turkestan stage). 

At this point it should be noted that between horizon 2 (Middle Pa- 
laeocene, Bukhara stage) and 3 Lutetian — Priabonian, Alai — Turkestan 
stages) there is a depositional hiatus which corresponds to the Upper Pa- 
laeocene—Lower Eocene (Bukhara, major part, Susak stages) similar to 
what has been observed at Ali Abad, Barfaq and Tashkurghan (see Ap- 
pendix 1). In the field a stratigraphical discontinuity between the two hori- 
zons has not been distinguished, but it must be aknowledged that this was 
not studied in detail. 

As far as the association of forms the Alai stage and the Turkestan stage 
in horizon 8 are concerned it should be mentioned that on the southern 
side the fossils collected at two different horizons were distinct in terms of 
age. All the forms from the lower horizon, that is Ostrea (Turkostrea) 
khaudaguensis ViaLov, Ostrea (Turkostrea) turkestanensis _ baissunensis 
Boum, Ostrea (Turkostrea) cizancourti Cox, come from the Alai stage, and 
all those from the higher horizon are from the Turkestan stage. It will be 
seen in another stratigraphical section (Tashkurghan) that there are other 
factor which are pertinent to this discussion. 


c) Except for horizon 6 in the type-section no significant fossils were 
found in spite of a careful examination of numerous samples for microfos- 
sils. Only two fossils were collected from horizon 6, that is Pterolucina pha- 
raonis bialata (BELLARDI) and Fatina (Fatina) beldersaiensis romanowskii 
(Boum), the first from the Alai and Turkestan stages, the second only from 
the Turkestan stage (Plate III, fig. 2). 


d) Finally it must be noted again that among the fossils collected, not 
in place, on Ambar Koh, there is an Oligocene species Gryphaea (Ferganea) 
sewerzowi RoManowsky (Sumssar stage), which is also present in beds of the 
same age on Shiboglu Kotal (page 136). It would thus appear that the 
highest horizons of the Ambar Koh Formation extend up to the Sumssar 
stage to which at least a part of the beds above horizon 6 must be referred. 
It might be said that the predominatly arenaceous member can be assigned 
to this stage. 


In this respect it should be osserved that in his study of the same area 
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Hinze (1964) did not distinguish the « red continental series » of the Rus- 
sian authors (J. Juin et al., 1947) from the overlying beds corresponding to 
our Kokcha Formation; he thus referred the entire complex of detrital de- 
posits to the Oligocene—Miocene—Pliocene. 


6. THE PALAEOCENE SEQUENCES OF ALI ABAD. 


Intropuction. — The village of Ali Abad is situated on the important arte- 
rial road from Kabul to Kunduz, some 24 km from the latter major inhabi- 
ted centre on the right bank of the Baghlan river. 

North of Ali Abad these hills decrease in height and cease, through 
which the Baghlan river winds in a narrow valley and crosses a wide allu- 
vial plain hich continues towards Kunduz. Tre rocks which form the hills 
which rise to the south of Ali Abad are of particular geological interest 
above all because of the stratigraphy and the relative abundance of the fos- 
sils. This area is particularly favourable for stratigraphical studies because 
of the relatively low dips of the strata. 

In spite of the fact that it was outside the area of this particular study, 
the summary examination of three short stratigraphic sequences, was under- 
taken with a view to eventual correlation with the neighbouring areas. 

Unfortunately the brief time available prevented the study of a com- 
plete sequence. However it is considered useful to present the data col- 
lected. 


Previous KNnow.Lepce. — Apparently the first record of the presence of 
Eocene fossils near Ali Abad was given by L. R. Cox (1938) who mention- 
ed the occurrence of Ostrea cizancourti Cox from the Middle Eocene (Lo- 
wer Lutetian), collected by H. pe Crzancourt and H. Vautnain. 

Subsequently Cox (1940) described a small fossil fauna collected by H. 
G. Scuencx 10 kms south of Ali Abad, a fauna which he attributed to the 
Oligocene (?). The forms recorded are Cordiopsis cf. incrassata (SowER- 
By), Psammotaea cf. fischeri (HEB. & RENEVIER), Psammotaea sp., Thracia 
sp., Calyptraea sp., and Natica sp. 

A brief note on the presence of the Eocene and Oligocene near Ali 
Abad was also presented by A. Desto (1960). 
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More complete data on the Eocene beds present south of Ali Abad were 
published by C. Hinze (1964) and M. Kaever (1965). From a stratigraphi- 
cal section more than 400 m thick Hinze collected 12 samples and from the- 
se numerous foraminiferal species were identified. According to KAEVER 
the uppermost Palaeocene, the Lower Eocene and the lowermost Middle 
Eocene are present in the Ali Abad sequence, but the palaeontological 
proof is not convincing. 

The Middle Eocene is poorest in genera and species and his age de- 
termination, taking account of the four foraminiferal species doubtfully 
identified, is problematical because of documentary defects. 

As far as the Lower Eocene is concerned the fossils listed are more nv- 
merous but the greater part are not of precise stratigraphic value. How- 
ever, the microfauna seems to be of Lower Eocene—Palaeocene age, but the 
rare planktonic foraminiferal determinations present perplexing results. 
The species listed, in fact, give contradictory ages; these are Globorotalia 
cf.membranacea (EHRENBERG) in sample 654, Globigerina cf. bulloides p’Or- 
BicNy and Globorotalia crassaformis Gattoway & WissLER in sample 652. 

The first of the species cited according to modern Russian authors should 
indicate the Middle-Upper Palaeocene (= G. pseudomenardii); Globigerina 
bulloides is a living species which has not been found below the Oligocene, 
while Globorotalia crassaformis is considered characteristic of the Pliocene, 
according to recent research. 

Finally, Russian authors use the name G. crassaformis to indicate a spe- 
cies which is diagnostic of the lower part of the Middle Eocene (’). 

The small molluscan fauna from Ali Abad described by Cox and doubt- 
fully referred to the Oligocene, has been restudied by O. S. Viatov, I. NEDEL- 
xu & P. Niza (1966) to demonstrate that the distribution of the species in Fer- 
ghana and in the Tadzhikistan depression cannot be referred to any chron- 
ological sequence because almost all were present also in the Eocene, and 
they concluded that it is difficult to accept the presence of Oligocene rocks 
in northern Afghanistan. The same conclusions were presented in the work 
by Desio (1960) where the sandy clays with gypsum and rock salt together 
with fossils between Jar and Ali Abad were considered to belong to the 
Oligocene or Miocene. 


(1) See Palaeontological Appendix 1. 
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STRATIGRAPHICAL SECTION. — Three sections (A, B, C) were briefly surveyed 
along the road to Baghlan at 4, 8 and 10 km south of Ali Abad (Fig. 24) (’). 


SectionA. This section was surveyed in the small valley descending from 
the north-western slope of the Koh-i-Jaka (or Band-i-Kataghan), just to the 
east of the road, 4 km from Ali Abad. The geographical coordinates are: 
69° 54’ east Long. (Greenwich) and 86° 27’ north Lat. The lithostratigraphi- 
cal sequence has a thickness of about 20 m. The beds dip 20° to the north. 
From the top to the bottom the sequence is as follows: 


4) red and grey marls, unknown thickness; 

3) grey, calcareous marl (61 AE-91/1) and limestone (61 AE-91/2) with abun- 
dant clastic quartz and rare glauconite; the fossils are: ostracodes, Mi- 
liolidae, rotalids, etc., Cardium kauleanum Correr and Otsrea (Cym- 
bulostrea) multicostata DesHayEs, 4 m; 

2) red marl, 0.5 m; 

1) grey-blue marl (61 AE-91/3) with quartz grains, feldspar, pyrite, gypsum, 
iron minerals and abundant foraminifera, mainly Lagenidae. The ge- 
nera Robulus, Lagena, Nodosaria (among which N. bacillum DEFRANCcE) 
are present as large specimens; Spiroplectammina, Trochammina, Buli- 
mina, Uvigerina elongata Cove, Cibicides, Eponides etc. are also present 
as well as ostracodes and fish teeth; planktonic foraminifera are rare, 

40 m; 
Other fossils were collected in the talus; they are the following: Ostrea 

(Turkostrea) afghanica Viatov, O. (Turkostrea) cizancourti Cox, Liostrea 

(Kakanostrea) kakanensis Soxotov, Cardium halaense pv ARCHIAC. 


Section B.— This section was surveyed in the small valley descending 
towards the south from the hill marked 620 m, at the extreme north-west- 
ern side of the Koh-i-Jaka Badam, north of the road and 8 km from Ali 
Abad. The geographical coordinates are: 69°53’ east Long. and 36° 26’ north 
Lat. The beds dip 40° to the south-southwest. The sequence, from, top to 
bottom, is the following: 

4) red marl with reddish conglomerate; 

3) grey, marly limestone (61 AE-92) with Ostrea (Cymbulostrea) multicosta- 


(1) See also Paleontological Appendix 1] and 2. 
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ta Desu., O. (Turkostrea) cizancourti Cox, O. (Turkostrea) turkestanensis 
baissumensis Boum, Meretrix semisulcata Lamk., Arctica  transversa 
p’Arcu., A. subathoensis p'Arcu., Diplodonta cycloidea (BELLaRDI), Car- 
dium halaense v’Arcu., C. cauleanum Correr, 4 m; 


2) reddish marl, 0.5 m; 
1) grey-blue marl, exposed for only a few metres. 


Section C.— This stratigraphical section was surveyed on the south- 
western slope of the Koh-i-Jaka Badam, just to the east of the road to Bagh- 
lan and 10 km south of Ali Abad. The geographical coordinates are: 69° 
54’ east Long. Greenwich and 86 26’ north Lat. 

The stratigraphical sequence, diping 40° to the south, is, from top to 
bottom, the following: 


5) grey, calcareous marl, 4 m; 

4) reddish marl, 0.5 m; 

3) grey-blue marl] (61 AE-94) with quartz grains, iron minerals and mica 
cakes. The organic content consists of internal casts of foraminifera, Glo- 
bigerinides, Anomalinides, Lagenidae. The marl alternates with beds of 
limestone and marly shale, 90 m; 

2) white gypsum in beds 10-20 cm thick, 20 m; 

1) light-brown limestone (biosparite) (61 AE-93) in thick beds, with forami- 
nifera and mollusc fragments; it contains also rotalids, Cibicides sp. and 
Miliolidae. 

In nearby areas specimens of Ostrea (Turkostrea) cizancourti Cox, we- 
re also collected. 

When one compares the three stratigraphica] sections surveyed near Ali 
Abad, it is clear that horizon 3 of section A, horizon 3 of section B, and hori- 
zon 5 of section C, consisting of grey calcareous marls, can be correlated. 
These marl horizons, in fact, have the same thicknesses in the three sec- 
tions and overlie the same unit, 0.5 m thick, consisting of reddish marl, 
moreover, two of the three section (A and B) contain macro and microfos- 
sils of Middle-Upper Eocene (Alai-Turkestan stage). 

The stratigraphic correlation of the three horizons is furthermore con- 
firmed by the presence, in the three sections, of grey-blue marls in the under- 
lying beds and, in sections A and B, of the overlying red mar] (horizon 4). 
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A comparison between the three sections surveyed near Ali Abad and 
the sections of the Ambar Koh, 45 km away, enable us to establish some 
stratigraphic correlations. 

It is at once evident that a correlation exists between horizon 6 of the 
Ambar Koh section and horizon 3 of Ali Abad sections A and B: in fact, 
these units, consisting of grey calcareous marl, contain fossils of Middle— 
Upper Eocene age (Alai-Turkestan) stage). 

In both sections, this same horizon overlies a sequence of marl (86 m 
thick at the Ambar Koh-units 7, 6, 5, 4 and 3; 90.5 m thick at Ali Abad units 
4 and 3), then gypsum 20 m thick (units 2), and finally brown biosparite in 
thick beds (units 1). These three horizons can therefore be correlated. 

Finally, both in the Ambar Koh section and in sections A and B of Ali 
Abad, the grey calcareous marl containing Middle—Upper Eocene fossils 
underlies red and grey marl. 

It is now important to observe that the fossils contained in the grey 
calcareous marl of section B (horizon 3) are the same as those in the grey 
marl] belonging to the Bluti Formation: evidently this marl horizon of Mid- 
dle—Upper Eocene age is present in all the sections, occasionally with seve- 
ral microfossil associations and occasionally nonfossiliferous (section C). 

It is still necessary to determine whether the Ali Abad series extends 
up to the Oligocene. This would appear possible if account is taken that 
overlying the fossiliferous beds of Upper Eocene age there are other beds 
of red marls and conglomerates which could correlate, at least in the upper 
part, with the beds of member B in the Ambar Koh series. At this mo- 
ment, however, valid palaeontological data are lacking and the evidence 
provided by Cox (1940) is not sufficient proof. 


Ace. The macro and microfauna present in the samples collected at the 
various horizons in the three sections enable a chronological classification 
of the surveyed sequences to be made. 


a) The basal massive limestone with gypsum (horizon 1 of section C), on 
account of their microfaunal content (small Miliolidae) and microfacies, can 
be correlated with the limestones (also gypsiferous) of the basal part of the 
Ambar Koh section, with horizon 14 of the Barfaq section and with hori- 
zon 2-3-4 of Tashkurghan: they were dated as Middle Palaeocene. 
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b) The overlying thick marls (horizon 3 of section C and horizon 1 of sec- 
tion A), on the basis of their benthonic foraminiferal content, may be corre- 
lated with horizon 14 of the Barfaq section which can be dated as Mid- 
dle Palaeocene. This same dating is confirmed by the correlation of the 
Barfaq mars with the marls of the Ambar Koh Formation (horizon 2). 


c) Both horizons 3 of sections A and B and horizon 5 of section C (complet- 
ely correlatable lithostratigraphically), provided, besides other fossils, the 
following macrofauna: 3 Lutetian species ie. Ostrea (Turkostrea) cizan- 
courti Cox, O. (T.) turkestanensis baissunensis BOuM, and Metrix semisulca- 
ta (LaMK.), a Priabonian species i.e. Cardium kauleanum Correr and an 
Ypresian species i.e. Arctica transversa (p Arcutac). The marls, where 
these fossils were collected, could thus be assigned, at least in part, to the 
Middle-Upper Eocene and Lower Eocene. 


d) As stated previously (page 127), a depositional hiatus, corresponding to 
the Upper Palaeocene—Lower Eocene, must occur in the Ambar Koh 
Formation. 

At Ali Abad also the same hiatus is present: in fact, the sediments of 
Middle Palaeocene age (horizons 1, 2, and 8 of section C) underlie the 
marls of Middle—Upper (and partly) Lower Eocene. 

However, while at Ambar Koh the pertinent erosional surface was 
not seen, it is evident in the three sections of Ali Abad (horizon 4 of section 
C and horizon 2 of sections A and B): such an erosional surface is repre 
sented by red marl 0.5 m thick. 

This stratigraphic gap discovered at Ambar Koh, Ali Abad, Barfaq and 
Tashkurghan, was also mentioned in the Russian literature dealing with 
Tadzhikistan. 

In this connection it should be pointed out that KaEver’s doubts (1965) 
about some foraminifera of Palaeocene—Lower Eocene age at Ali Abad, 
are removed by the presence of the sedimentary hiatus and explained by 
the fact that this author was not aware of the recent studies carried out by 
the Russian. 


e) Finally, it should be pointed out that the reddish marl and the red- 
dish conglomerate at the top of the Ali Abad sections could be correlat- 
ed with similar sediments belonging to Member B of the Ambar Koh 
Formation. We are now faced with the controversy concerning the pos- 
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sible presence of the Oligocene, that is whether or not the Ali Abad se- 
ries extends upwards to include the whole or part of it. 

This possibility exists if account is taken that the fossiliferous beds 
of Upper Eocene age are overlain by beds of red marls and conglomera- 
tes which could be correlated, at least the upper horizons, with the beds 
belonging to the Member B, most probably Oligocene in age, of the Am- 
bar Koh series. Up to now, however, valid palaeontological evidence is 
lacking since Cox’s evidence is considered insufficient (page 133). 

Nevertheless, mention should be made that further to the west (Shibo- 

glu Kotal) the Oligocene (Sumssar stage) is definitely present as will be 
shown in the next chapter. 
OruerR REMARKS. — In the Ambar Koh region the passage beds from the 
Bluti formation to the Baba Darwes Formation are also clearly visible. 
This passage is marked by the presence of generally grey limestone, gypsum 
and marl. In the same area, the Bluti formation is overlain by about 700 
m thickness of reddish unfossiliferous clays, marls and sandstone. These 
strata, which between Khanabad and Taluqan are covered by the transgres- 
sive Kokcha Formation, are possibly correlatable with the « red continental 
series » of Russian authors and they should represent the Oligocene and 
Late Eocene (in part) (= Khanabad-Sumssar stages). 

The Bluti formation, because of its lithological characteristics and fos- 
sils, seems to be correlatable with the Alay and Turkestan stages of Russian 
authors. However, as already pointed out by Desio (1961), the fossils of 
the Alay and Turkestan stages come from the same unit and the two above- 
mentoned horizons here are not, therefore, separable. 


7. PALEOGENE BEDS OF SHIBOGLU KOTAL. 


Few data are available on this area located along the road between 
Kunduz and Tashkurghan; Desio visited it briefly while travelling between 
Kunduz and Mazar-i-Sherif. Nevertheless he collected some samples and 
several fossils which enable us to add important data to those previously 
known. 


136 SEDIMENTARY FORMATIONS 


The Shiboglu Kotal (’) is briefly mentioned by Popo. and Tromp (1954, 
page 380): «In this area isolated limestone outcrops were found in the sur- 
rounding plain containing an (Upper) Middle Eocene Oyster fauna». In 
table I is added: « Upper m. Eocene (Acc. to R. G. S. Hupson) S. 45 1s. 
Ostrea esterhazi Pavay var. romanowskii Bohm ». 

A short account about this locality is given in a paper by ViaLov, NE- 
pELKU & Nrza (1966) in which it is mentioned that the presence of beds of 
Middle Eocene age would be confirmed by the evidence described in the 
previously mentioned report by Popo: and Tromp. 

Desio collected the samples at two different localities, one (E) on the 
eastern side at the bottom of the slope leading to the pass, the second one 
(W) on the opposite side to the west of the pass. As will be explained lat- 
er the beds outcropping at the first locality are stratigraphically higher 
than those at the second locality altough the latter are, topographically, 
lower. At the first locality (E) red and greyish marls (61 AD-57) outcrop 
together with conglomerates with calcareous cement (61 AD-57’) in which 
thick beds with well preserved Ostreae and some gasteropods are pre- 
sent. A. Benizzi (1970) identified the following species which are men- 
tioned here because of their frequency: Amphidonte galeata galeata (Ro- 
MANOwSKY), A. galeata rotula (ViaLov), Gryphaea (Ferganea) sewerzowi 
Romanowsky (’). All these specimens belong to the Middle Oligocene or, 
to be more precise, to the « Sumssar stage » of the Russian geologists. 

At the second locality, that is on the western side of the Shiboglu Kotal, 
the road cuts through a series of white or greenish beds (61 AD-58) in 
which are contained thick beds of Ostreae and other pelecypods (61 AD-58’) 
which are also present in great number on the road-bed. The specimens 
that A. Berizz1 (1970) identified are the following: 


Ostrea (Turkostrea) cizancourti Cox, 

Ostrea (Turkostrea) afghanica Viavov, 

Ostrea (Turkostrea) khaudaguensis Viavov, 

Ostrea (Turkostrea) turkestanensis baissunensis Boum, 
Ostrea (Cymbulostrea) multicostata DESHAYES, 

Ostrea (Flemingostrea) schurabica Via.ov, 


(1) Kotal means Pass. 
(1) The fossils are described in the volume IV-2 of this collection. 
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Fatina (Sokolowia) esterhazyi buhsei (Grew.), 

Venus everesti Dp ARCHIAC, 

Venus cf. gumberensis p ARCHIAC, 

Venus sp. ind. aff. matheroni Coquann, 

Corbicula veneriformis (DESHAYES), 

Meretrix incrassata (SowERBY), 

Meretrix aegyptiaca (MAYER-EyYMAR), 

Meretrix transversa (SOWERBY), 

Diplodonta cycloidea (BELLARDI), 

Cavilucina (Pegophysema) thebaica (ZrrTeL), 

Pterolucina cf. menardi DESHAYES. 

The most significant specimens are Ostrea (Turkostrea) cizancourti Cox, 
O. (Turkostrea) afghanica Viatov, O. (Turkostrea) turkestanensis baissunen- 
sis BOuM, and represent the Lutetian; the following, Ostrea (Flemingostrea) 
schurabica Via.ov and Fatina (Sokolowia) esterhazyi buhsei (Grew.), the 
Priabonian. The rest belong to both or spread over a wider stratigraphic 
interval. They belong, however, to the Alai and Turkestan stages. 


8. CRETACEOUS-EOCENE SEQUENCE OF TASHKURGHAN (MAZAR-I-SHARIF). 


InrRopuction, — From the geological point of view, the best known locali- 
ty is Tashkurghan. The stratigraphic series is well exposed between Kun- 
duz and Mazar-i-Sharif, about 4 km south of Tashkurghan village on the 
road leading to Haibak (Fig. 25). The road cuts through the Chaharkin-i- 
Mazar-i-Sharif mountain range along a very narrow and picturesque rocky 
gorge eroded into the Upper Cretaceous limestones; but the stratigraphic 
series is mostly exposed on the northern side of the mountain range where, 
however, the beds are repeatedly folded. On account of this the sequence 
of lithostratigraphic units is irregular; some units are repeated but their 
identification is facilitated by the relative abundance of micro- and mega- 
fossils contained in almost all the units. However, it should be pointed out 
that this interesting section was not investigated in such detail as the out- 
crops and the relative abundance of fossils deserved. 

Desio spent only one day investigating this section on the northem side 
of the mountain range. 
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GEOGRAPHICAL COORDINATES OF THE SECTION: 
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Fig. 25 - Stratigraphical sequence near Tashkurghan (Mazar-i-Sharif). 
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Previous KNowLepce. — The first data concerning the Tashkurghan area 
were collected by C. L. Griespacu (1886) who recognized beds of Upper Cre- 
taceous and Eocene age. In this connecction GriesBacH (page 257) wrote: 
« Conformably on the northern flank of the cretaceous anticlinal, south of 
Tashkurghan and Balkh, I found the older tertiary clays and sandstones 
more or less identical with the groups as described from Mathar, and they 
pass here also gradually into the bright red and green clays and sandstones 
of the lower pliocenes ». It should be added that these beds were assigned 
to the Eocene on the basis of their correlation with the Mathar beds where 
he had found only an Exogyra sp. Short notes on this series were later pub- 
lished by Bartoux (1933) and by ViaLov (1936) this latter author defined the 
stratigraphic position of the horizon with Ostrea multicostata. Porot and 
Tromp (1954) described the area in more detail. In the stratigraphic ta- 
ble attached to their report a sequence is shown which was surveyed, in the 
lower part, at 1 and 3 km south of Tashkurghan canyon respectively and 
the upper part was surveyed to the north of the canyon. In the latter section 
most of the Eocene and the Senonian ages should be represented, both with 
a marly facies. Ostrea gigantica SoLANDERS is mentioned as the mega- 
fossil indicating the Lower Eocene; O. multicostata strictiplicata RAULIN 
& Dexzos, O. esterhazyi var. Roman, and O. cizancourti Cox indicating the 
Middle Eocene. The Middle Eocene beds overlie disconformably, accord- 
ing to these authors, the Lower Eocene while there is no sedimentary hia- 
tus between the Lower Eocene and the Upper Cretaceous beds. Other Cre- 
taceous stages occur beneath the Upper Cretaceous but for the present they 
are not described because the section surveyed by us starts with the Maa- 
strichtian. 

Among the microfossils found in the series surveyed to «the north of the 
canyon at Tashkurghan, west of the gorge », more or less at the location of 
our section and assigned to the base of the Middle Eocene, the following 
genera are mentioned: Bolivina, Hopkinsina, Loxostoma, Uvigerina, Globi- 
gerina, Globigerinella, Robulus, Nonionella. Generally the microfauna does 
not appear to be characteristic. 

Later Cox (1938) re-examined the stratigraphical position of the Ostreae 
assigning O. esterhazyi to the Lutetian-Auversian, O. multicostata strictipli- 
cata and O. cizancourti to the Lutetian, and O. gigantica doubtfully to the 
Ypresian. 
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In later publications by MENNEssiER (1961), So.um & CHEPov (1963), 
ViaLov, Neve. ku & Niza (1966), KAEveR (1967) etc. other stratigraphical 
interpretations of the Tashkurghan section were given. Particularly interest- 
ing are the reports by Sotum & KeEpov, and by ViaLov, NepEL’ku & Niza. 
The first for the correlations between the Badkhyz section, in Tadzhikistan, 
and those in the Tashkurghan region of which they also show a columnar 
section; the second for the discussions on the stratigraphy of the various 
sections, including also the Tashkurghan section, based on the various spe- 
cies of Ostreae and referred to the stratigraphic stages created by Viaxov in 
the Fergana region (ViaLov, 1937). Moreover, the stratigraphy is compa- 
red with that of the Shibargan series surveyed in detail by NepeL’ku & Nt- 
za in northern Afghanistan, between Mazar-i-Sherif and Andkhoj, and _stu- 
died palaeontologically by Viatov. 

ViaLov also discussed the wrong attribution of Ostrea multicostata to 
the Miocene collected by Griespacu at Tashkurghan and assigns it, as he 
did in 1986, to the Eocene (Alai stage). According to this author this spe- 
cimen is an Exogyra, probably of Cretaceous age. He disputes also the at- 
tribution of O. strictiplicata Raut & DELB., found at Tashkurghan later, to 
a variety of O. multicostata Drsn. and interprets it as belonging to O. tur- 
kestanensis Rom. and var. baissunensis BOHM and to O. afghanica V1ALov 
which should represent the Alai stage. The Susak stage, on the contrary, is 
not represented at Tashkurghan. 

On the other hand O. esterhazyi is the Fatina baldersaiensis romanow- 
skyi Boum belonging to the Turkestan stage and O. gigantica Sox. of Cox, 
is O. hemiglobosa Rom. 

It is not considered necessary to deal further with this matter concern- 
ing Tashkurghan because, as already stated, this region was not studied 
in any detail and only Desio visited it for a short time, but nevertheless 
acquiring some new stratigraphic data. 


STRATIGRAPHICAL SECTION. — The stratigraphic series surveyed by DEsio on 
the northern side of the Chakarkin-i-Mazar-i-Sharif mountain range, just to 
the west of the road to Haibak (Fig. 25), is, from top to bottom, the fol- 
lowing: 


9) Light-green mar! and clay (61 AD-59/3) with quartz grains, gypsum la- 
mellae, calcite and mica flakes. Among the fossils found are foraminifera 
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such as Globigerina tarchanensis Supsotina & Kuutsieva, Uvigerina 
spinicostata CusHMAn & Jarvis, Nonion, Quinqueloculina, Cibicides, 
Virgulina; radiolaria, ostracoda, echinoid spines, and mollusca such as 
Fatina (Sokolowia) esterhazyi esterhazyi Viatov, F, (Sokolowia) esterhazyi 
buhsei (Grew.), (Fatina) bohmi transita ViaLov, F. (Fatina) bohmi bohmi 
ViaLov, Fatina (Fatina) beldersaiensis beldersaiensis (Gorrzpro, partim) 
ViaLov, Fatina beldersaiensis romanowskyi Boum, Venus everesti pD AR- 
cuiac.. Thickness: 15 m (such a thickness is perhaps exaggerated by 
the presence of a fold); 

8) Red sandstone (61 AD-59/1, 2, 4) with quartz and calcite crystals, and len- 
ses of conglomerate without granitic pebbles, marly clay and white, cry- 
stalline gypsum. Some Ostrea sp. shells are present: among them Ostrea 
(Turkostrea) afghanica Viatov, O. (Turkostrea) cizancourti Cox, 75 m 
thick; 

7) Green marl and sandy clay (61 AD-59/8) with gypsum and large Ostrea 
shells belonging to Ostrea (Turkostrea) turkestanensis borgalensis Via.ov, 
O. (Turkostrea) khaudaguensis ViaLov, O. (Cymbulostrea) multicostata 
DesuayeEs. Thickness: 35 m; 

6) Green marl and sandy clay (61 AD-59/5) with little gypsum and Ostrea 
(Solidostrea) hemiglobosa RoManowsky, Gryphaea (Gryphaea) latypiga 
Viatov, G. (Phygraea) tournali (DoncEux), 50 m thick; 

5) Grey-yellowish, well bedded calcareous sandstone (61 AD-59/6) with 
quartz crystals, gypsum lamellae, mica flakes and glauconite; the organ- 
ic content is represented by planktonic and benthonic foraminifera, 
among them: Globigerina pseudoeocaena Svussotina, G. _ falsospiralis 
(Dar, & Mor.), G. cf. tarchanensis Suspotina & KuutsieEva, Cibicides 
sp., Rotalia beckeri Byxova, Uvigerina sp., Chilogiimbelina trinitatensis 
(Cusu. & Renz), Miliolidae, Textularidae, Nonion, ostracoda, radiolaria, 
echinoid spines and some re-worked Globotruncana spp. and Hedbergel- 
la spp., 4 m; 

4) White, clayey biosparite (61 AD-59/7) with small bryozoa agglutinating 
foraminifera, rare Globigerinidae, molluscan fragments, calcareous algae, 
3 m; 

8) Light-green to whitish marl with gypsum (61 AD-59/10); also one bed, 
2 m thick, of grey sandstone (61 AD-59/9). Total thickness 16 m; 

2) White and grey limestone (bio-intrasparite (61 AD-59/11) with foramini- 
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fera such as Cibicides sp., Miliolidae, agglutinating forms and bryozoa, 
molluscan and echinoid fragments, 200 m thick; 

1) Green limestone (foraminiferal bio-intramicrosparite, 61 AD-59/12) with 
abundant Siderolites, among which S. calcitrapoides Lamx., containing 
also Lepidorbitoides sp., L. cf. socialis (LeyMEntE), Orbitoides apicula- 
ta (ScHLUMB.), Omphalocyclus macroporus (LaMK.); smaller foraminifera 
are also present: Rotalidae, agglutinating forms and rare plancktonic such 
as Globotruncana stuarti DE LAaPpPaRENT, and molluscan fragments, calca- 
reous algae, bryozoa etc.; 80 m; 


It should be mentioned that the thicknesses as measured in the field are 
greatly exaggerated by tectonic dislocations; the ones shown above represent 
the real thickness of the series surveyed by Desio at Tashkurghan, that is 
478 m. 


AcE. — The Tashkurghan section is particularly interesting because its li- 
thostratigraphical units are chronologically defined. Starting from the bot- 
tom of the series, the palaeontological determinations of the microfossils by 
M. B. Crra and I. Premoti Sitva, and of the megafossils by C. Rossi Ron- 
cHETTi and A. Berizzi indicate that horizon 1 is of Maastrichtian age and 
this is confirmed by the assemblage of Orbitoides, Lepidorbitoides, Sideroli- 
tes, and Globotruncana (see Micropalaeontological Appendix). 

Horizon 2 and 4, based on their foraminiferal content, are referred to 
the Middle Palaeocene (Bukhara stage). 

Horizon 5, can be safely referred to the upper part of the Lower Eocene, 
based on its microfauna. 

Another horizon which can be dated on its palaeontological content, re- 
presented this age by the Ostreae, is the 6 which contain significant 
forms belonging to the Ypresian (Susak stage): Ostrea (Solidostrea) hemi- 
globosa Romanowsky and Gryphaea (Gryphaea) latypiga ViaLov. Horizon 
7 is characterised by the presence of very large shells of Ostreae (some shell 
measure up to half a metre) belonging to forms of Lutetian age (Alai stage) 
such as Ostrea (Turkostrea) turkestanensis borgalensis ViaLov and O. (Tur- 
kostrea) khaudaguensis ViaLov or both to the Lutetian and the Ypresian 
such as O. (Cymbulostrea) multicostata Desu. (Susak and Alai stages). 

The fauna of horizon 8 also belongs to the Lutetian, still represented 
mainly by the Ostreae. 
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The next horizon (9) is, palaeontologically, the best documented as it 
contains both micro and megafossils suitable for determination and be- 
longing to the Middle—Upper Eocene. Almost all the Ostreae, represented 
only by the gen. Fatina belong to this age; among the microfossils present 
are Globorotalia rotundimarginata and Globigerina officinalis. 

Therefore, in the Tashkurghan section there is a stratigraphic hiatus 
from Middle Palaeocene (horizon 4) to the upper part of the Lower Eocene 
(horizon 5). This depositional break, mentioned also in Russian publica- 
tions, had already been observed by us at Barfag, Ambar Koh, and especial- 
ly at Ali Abad, where the relative erosional surface was also found (seen al- 
so further to the west, in the Badkyz series, by SoLum & CHEPov (1963). 

It must be pointed out, however, that while at Tashkurghan the depo- 
sitional break includes the Upper Palaeocene and the lower part of the 
Lower Eocene, at Ambar Koh and Ali Abad it is more extensive and in- 
cludes all of the Lower Eocene. 

However, at Tashkurghan, the fossils assemblages characteristic of the 
Susak, Alai and Turkestan stages are in fact present in normal succession 
while in Ambar Koh and Ali Abad sections fossils breaks and condensations 
are present within the above mentioned units. 


9. THE PALAEONTOLOGICAL MARKERS FROM THE STRATIGRAPHICAL SE- 
QUENCES WEST OF FAYDZABAD. 


In this chapter we shall discuss the relationships between the various 
formations indicating the principal markers on which the correlations are 
based (see Fig. 26). 

The oldest fossiliferous sedimentary formation examined is the Karkar 
Formation (illustrated on page 95 etc.) which is Upper Jurassic with the 
highest horizon arriving in the Middle Jurassic. It is the marine formation 
which unconformably overlies the continental beds with coal measures 
which is the Upper Saighan Formation of Middle Jurassic age. 

Above the Karkar Formation a marker bed (1) is present, which is char- 
acterised by a microfacies comprising oosparite to biosparites rich in mol- 
luscan debris, in the lower part of horizon 32 (sample 61 AP-178/34) 
of the Karkar section (« Green Beds ») and in the Gazestan Formation, in 
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horizon 2 (61 AE-87/5 b) of the Farkhar section at Archa Kotal (61 AE-77/ 
1) and in the lower part of horizon IT (61 AD-48/18a) of the Qara Tut 
section. The age of this unit cannot be determined directly because of the 
lack of diagnostic microfossils. It is probably Lower Cretaceous and cer- 
tainly not younger than Cenomanian, since it underlies the Cuneolina - Di- 
cyclina bearing horizon in the Farkhar section. 

Higher in the same Karkhar section there is another marker horizon (2) 
composed of sandy oosparite with Miliolidae (in the upper part of horizon 
32, samples 61 AP-178/35 and 36), which from the similarity of the micro- 
facies is perfectly correlatable with horizon 1 (sample 61 AE-95/1) of the 
B section at Pull-i-Khumri and with horizon 13 (61 AE-97/7) of the A sec- 
tion of Pull-i-Khumri; this concerns an horizon in the « Green Beds » which 
is also correlated with the top of the Gazestan Formation (the upper part 
of horizon 11 in the Qara Tut section; (61 AD-48/18b) immediately under 
the Baba Darwes Formation. 

The age of this horizon cannot be determined directly either it is pro- 
bably Lower Cretaceous (Albian) and certainly not younger than Cenoma- 
nian, since it underlies the Cuneolina - Dicyclina bearing unit in the Baba 
Darwes — Qara Tut section. 

Still higher in the Pull-i-Khumri B section an important marker bed 
(3) is found from horizon 16-17 (61 AE-95/13, 13 bis) characterised by the 
presence of Cuneolina and Dicyclina. This horizon is found also in the Ba- 
ba Darwes Formation: in horizons 3, 4, 5, and 6 of the Baba Darwes section 
(61 AD-30/2,-3,-4/10), in horizon «d» (61 AD-34/1) of Mohammad Aba 
section, and horizon 2 (61 AE-87/12) of the Karkar section. The age of 
this horizon is certainly Upper Cretaceous and may be referred to the Ce- 
nomanian and possibly also, at least in part, to the Turonian. This chrono- 
logical attribution is in agreement with to megafossil fauna collected from 
the same beds. 

As stated on page 113, at Pull-i-Khumri the basal horizon of section A 
represents the start of the Albian-Cenomanian sedimentary transgression on 
to the crystalline basement, while the highest bed of section B contains cal- 
careous algae and Inoceramus. This horizon with Inoceramus was first in- 
dicated in the type section of the Pull-i-Khumri Limestone (Desio, 1960) and 
referred to the Turonian. The close correlation is confirmed by the similar- 
ity of the microfacies between horizons 16-17 of the B section and horizon 
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Fig. 26 - Stratigraphical correlation of the formations from Central Badakhshan (west of Faydzabad) and Kataghan. 
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Fig. 26 - Stratigraphical correlation of the formations from Central Badakhshan (west of Faydzabad) and Kataghan. 
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12 of the 1960 type section consisting of limestones with Cuneolina and Di- 
cyclina. Thus, if the data are assembled for the section at Karkar and 
Pull-i-Khumri there is a sequence of beds which extend from the highest 
beds of the Saighan Formation to the top of the Pull-i-Khumri calcarenite, 
with a total thickness of 678.30 m, from the Middle Jurassic to the Turo- 
nian inclusive. 

Further, as already seen, the Pull-i-Khumri and the Baba Darwes for- 

mations are easily correlatable because of the Cuneolina-Dicyclina bearing 
horizon, and it can be said that above, a sequence is known which com- 
prise the Upper Cretaceous including the Maastrichtian. 
In fact, horizons 9 and 10 of the Baba Darwes section (61 AD-30/3 and 5) 
contain Orbitoides media (p Ancutac), Orbitocyclina minima (DovuvruLe) as 
well as Siderolites calcitrapoides Lamx.: the age of this assemblage is cer- 
tainly Maastrichtian. This marker bed (4) has also been recognised in the 
Chenar-i-Gunjeshkhan pass (61 AD-35/1) and at horizon I (61 AD-59/12) 
in the Tashkurghan section. 

Apart from this the depositional hiatus recognised between horizons 6 
and 7 of the Baba Darwes section, that is between the Cenomanian—Turo- 
nian and the Maastrichtian, is confirmed at Pull-i-Khumri by the presence 
of conglomerates at horizons 19-20-21 in the B section. 

Between the Pull-i-Khumri section and the section at Baba Darwes, 
which are 160 km apart, the facies variations are naturally frequent (as can 
be seen in fig. 26) and the crystalline basement outcrops at different hori- 
zons. In the Baba Darwes Formation, for example, the crystalline base- 
ment appears about 500 m below the Cuneolina- Dicyclina bearing bed: 
and this sequence comprises clastic and evaporitic deposits (ranging in age 
from the Middle Jurassic to the Lower Cretaceous—Cenomanian) of the Qa- 
ra Bulaq Sandstone, the Mashad Limestone, the Mohammad Aba sand- 
stone and the Gazestan Formation. At Pull-i-Khumri, on the other hand, 
the crystalline basement appears about 140 m below the Cuneolina - Dicy- 
clina bearing level; this thickness being made up of clastic and evaporitic 
deposits of Lower Cretaceous—Cenomanian age; (« Red Grit » and « Green 
Beds »). 

The horizons 13 (61 AE-100/8 bis) of the Barfaq section, 2 and 4 (61 
AD-59/11 and 7) of the Tashkurghan section, 1 (61 AE-93) of the Ali Abad 
section C, and 02 (61AE-89/1) of the Ambar Koh section, may be correlated 
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on their similar microfacies which is characterised by intrabiosparite rich 
in small miliolid and rotalid foraminifera. The age of this microfacies 
(5) cannot be directly defined because of the lack of diagnostic fossils. 
However, it can be defined indirectly as Middle Palaeocene since it under- 
lies a marker bed 6 which indicates Middle Palaeocene (which will be 
described below) and also because it overlies the Maastrichtian marker hori- 
zon that is unit 1 of the Tashkurghan section. 

As discussed above, marker bed 6 is present in the Barfaq section 
(horizon 14: sample 61 AE-100/3), in the Ambar Koh section (horizon 2: 61 
AE-89/2) and in the Ali Abad section A (horizon 1: 61 AE-91/3). This mark- 
er is characterised by its planktonic foraminiferal content and also on the 
relative stratigraphic position of the horizons, since they all overlie the mi- 
liolid bearing limestone. At Barfaq and Ambar Koh Globorotalia ehren- 
bergi is indicative of a Middle Palaeocene age (Bukhara stage). Correlation 
with the Ali Abad horizon is less precise due to the poor planktonic forami- 
niferal faunas. The benthonic assemblage however is very similar to the one 
found at Barfaq which suggests that they may be approximately coeval. 

The last marker horizon (7) is present in horizon 3 of the Ali Abad A 
section (61 AE-91/2), in horizon 8 of the Ali Abad B section (61 AE-92), 
in horizons 3-6 in the Ambar Koh section (61 AE-89/3 and 4) and also in the 
Bluti formation (61 AE-65 and 66). At Ambar Koh megafossil faunas which 
indicate a Middle Eocene age (Alai stage) are present but reworked, in as- 
sociation with uppermost Middle Eocene (Turkestan stage) faunas; the as- 
sociated microfaunas are, unfortunately, chronologically insignificant. 

Since the underlying horizon 2 of the Ambar Koh section is (as discus- 
sed above) a marker bed of Middle Palaeocene age, evidently between the 
two marker horizons, there must be a depositional hiatus corresponding to 
the Upper Palaeocene—Lower Eocene interval. An analogous situation is 
seen at Ali Abad where, above the marls of the Middle Palaeocene (hori- 
zon 1 in section A) calcareous marls are found with macrofossils of the Up- 
per—Middle, and perhaps at least in part of the Lower Eocene (horizon 3, 
sections A and B). Here, the depositional break corresponding to the Up- 
per Palaeocene—Lower Eocene is clearly seen as an erosional surface re- 
presented by red mar! 0.50 m thick (horizon 2, sections A and B). 

Also, in the Bluti formation a similar situation to that seen in the Ambar 
Koh and Ali Abad must be present: as a result of the cover, however, mask- 
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ing the surrounding outcrops it was only possible to observe a calcareous 
marl] horizon with megafossils of Upper—Middle Eocene age (Alai—Turke- 
stan stages). 

This depositional hiatus which corresponds to the Upper Palaeocene — 
Lower Eocene interval studied at Ambar Koh and Ali Abad is also obser- 
vable at Tashkurghan and Barfaq. At Tashkurghan it comprise only the 
Upper Palaeocene and the lower part of the Lower Eocene, and it is present 
between horizon 4 (Middle Palaeocene age) and horizon 5 (upper part of 
the Lower Eocene). As far as Barfaq is concerned the data available are 
less precise: however the presence of an erosional surface was observed 
which separates the overlying sediments possibly of post-Palaeocene age 
(horizons 15 and 16) from the underlying marker bed (horizon 14) of Mid- 
dle Palaeocene age. The depositional break at Barfaq comprise at least the 
Upper Palaeocene. 

Finally, it should be recorded that this depositional hiatus is reported in 
the Russian literature and that the erosional surface was defined further to 
the west in the Badkya series by Sotum & CuHeEpovy (1963). 


10. SUMMARY OF THE STRATIGRAPHICAL SEQUENCE WEST OF FAYDZABAD. 


The following is a summary of the main lithological characteristics of 
the various sedimentary formations which have been described in the pre- 
ceding pages arranged in chronological order starting from the oldest (Fig. 
27). Against each name are indicated the symbols used on the geological 
map. 


PrE-TRIASSIC. 


Farkhar Slate (Fs): epimetamorphic black and greenish arenaceous slates 
with basal layers of sandstone and conglomerate (without granodiorite peb- 
bles). More than 2150 m thick. 

JURASSIC. 

Shingan Conglomerate (Sf): grey and greenish conglomerate with granodio- 
rite pebbles and interbedded fine-grained micaceous sandstone. Maximum 
thickness 100 m, Middle and Lower(?) Jurassic. 

Karkar Formation. (KKf): is composed of two members, 
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A. Calcareous-arenaceous-argillaceous member with mega and microfos- 
sils (marine facies). 216 m thick. 


B. Clayey-marly member with anhydrite beds, 55 m thick. Middle (up- 
per stages) and Upper Jurassic. 


Jurass1c—CRETACEOUS. 

Qara Bulag Sandstone (Qf): reddish and greenish fine quartzose sandstone, 
siltstone with some interbedded quartz conglomerate. 190 m thick. Mid- 
dle (and Upper?) Jurassic and Lower Cretaceous. 


CRETACEOUS. 

Gazestan Formation (Gf) red, green and grey conglomerate, sandstone, 
shale, clay and fossiliferous limestone with gypsum and rock-salt in an al- 
ternating sequence. Thickness from 150 to 400 m. Lower Cretaceous (up- 
per stage) — Cenomanian (?). 

Mashad Limestone (Ml) well bedded grey limestone 80 m thick wedging 
laterally into the Mohammad Aba Sandstone and Gazestan Formation. 
Lower Cretaceous — Cenomanian (?). 

Mohammad Aba Sandstone (Ms) reddish and dark green quartz feldspathic 
sandstone 150 m thick. There is gradation laterally into the Gazestan 
Formation Lower Cretaceous — Cenomanian (?). 


CENOMANIAN. 

Pull-i-Khumri Limestone (Pck): greenish, light brown and yellow calcareni- 
te and limestone, sometimes nodular with interbedded, green, gypsiferous 
marl and sanstone. Micro and megafossils present. Thickness 225 m. 
Cenomanian — Turonian and Senonian (in part). 


CRETACEOUS—EOCENE. 

Baba Darwes Formation (BDf): grey, brown and red very fossiliferous lime- 
stone, weathering often yellowish, alternating with red and brown marl 
200-300 m thick. Micro and megafossils present belonging to the Cenoma- 
nian, Turonian, Maastrichtian and perhaps Palaeocene. Age: Cretaceous 
(from Albian (?) — Cenomanian to Maastrichtian) and possibly Palaeocene. 


EOCENE, 


Bluti formation (Bf): grey marl and fossiliferous (mostly Ostrea) limestone. 
Middle and Upper Eocene (Alai-Turkestan stages). 
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EOCENE AND OLIGOCENE. 

Ambar Koh Formation (AKf): grey, red and yellow marl and sandstone with 
micro and megafossils; the A member (lower) is mainly marly, the upper B 
member is predominantly arenaceous. Total thickness over 900 m. Middle 
Palaeocene — Middle and Upper Eocene, probably Oligocene (Bukhara, 
Alai-Turkestan, ? Summsar stages). 


NEOGENE. 

Kokcha Formation (Kf): thick-bedded conglomerate interbedded with 
mainly greyish sandstone and marl with some marine and lacustrine fossils. 
It is divided into three members: Tah Jari Member (Kf) made up mainly 
of sandstone and conglomerate, Ghelawuk Member (Kf') composed of mar] 
and sandstone, Ganda Qol Member (Kf'’) conglomerate. Thickness more 
the 1100 m. Age: Neogene. 

In order to complete the survey of the stratigraphy in the mapped re- 
gion the following sequences must be added: 

1) Cretaceous—Eocene sequence of Tashkurghan, 

2) Cretaceous—Palaeocene sequence of Barfaq (Doab), 

3) Palaeocene sequences of Ali Abad, 

4) Palaeocene beds at Shiboglu Kotal. 

All these rock units are more less richly fossiliferous and enable clarification 
and completion of certain gaps in our knowledge of the formations largely 
as a result of markers which are common to them. 

In Table 2 (at the end of the volume) the various formations and strati- 
graphical sequences have been grouped together with the relative age of 
each, for the area to the west of Faydzabad. The table shows the coeval 
formations and the chronological succession, but also the gaps which should 
be emphasized. 


11. COMMENTS ON THE STRATIGRAPHY OF THE SEDIMENTARY FORMA- 
TIONS WEST OF FAYDZABAD. 


The Table 2 and the stratigraphical summary reproduced in the fig. 27 
require some comments. We begin from the oldest formations of the area 
west of Faydzabad, but in the fig. 27 there are also included the oldest 
formations outcropping to these east of Faydzabad in order to compare the 
reciprocal stratigraphical position of the formations of both areas. 
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Pre-Triassic. — If the oldest sedimentary formation, which is metamorpho- 
sed is examined, it becomes clear that the Farkhar Slate is not always con- 
tinuous in vertical section. As previously stated, in the region studied the 
Farkhar Slate is directly covered by more recent trangressive formations, 
thus between its deposition and the Shinghan Conglomerate or the Saighan 
Formation which are of Jurassic age, there is a great gap in sedimentation. 
This break, in the area studied, represents a long phase of uplift and emerg- 
ence, but to the south other formations are known, in part continental, in 
part marine, which may fill this break. 

This subject will be discussed below. 

Jurassic. — It must be noted that apart from the Farkhar Slate in the area 
mapped the oldest sedimentary formations is the Shinghan Conglomerate 
which is of Middle Jurassic and perhaps the upper part of the Lower Juras- 
sic (Lias). It reflects a continental or epicontinental phase which is also re- 
presented by the Qara Bulaq Sandstone. 

Only with the Albian—Cenomanian is there the start of a marine cycle 
of sedimentation. It is true that at Karkar a marine horizon exists which is 
well documented with Upper Jurassic fossils, but this is only a local episode, 
a marginal expansion of brief duration when the sea extended northwards. 


Cretaceous. — The Albian—Cenomanian (?) trangression in the region sur- 
veyed established the start of the Upper Cretaceous marine cycle which de- 
veloped over the whole area studied and was maintained, even though 
some breaks may be present, at least up to the Cenozoic. 

To the Lower Cretaceous (Albian—Cenomanian ?) have been attribu- 
ted three homotaxial formations (Mohammad Aba Sandstone, Mashad Lime- 
stone and Gazestan Formation) which pass laterally into one another. 
However the Cenomanian is represented by fossiliferous rocks both in the 
Baba Darwes Formation and in the Barfaq sequence (beds with Cuneoli- 
na and Dicyclina) which are stratigraphically more extensive higher in the 
sequence than the previous formations. In the Baba Darwes Formation 
above the Cenomanian and Turonian horizons there are other fossiliferous 
horizons which confirm the presence of the Maastrichtian (beds with Lepi- 
dorbitoides, Siderolites and Exogyra overwegi von Bucu). However, in the 
strata between these and the preceding beds there is a sedimentary discon- 
tinuity, which is found at Pull-i-Khumri in the Surkhab valley, which com- 
prises part of the Turonian and the Senonian. 
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Fossiliferous Maastrichtian rocks outcrop at both Baba Darwes and 
Tashkurghan, where the stratigraphical sequence continues upwards into the 
Middle—Upper Eocene (Turkestan—Alai stages). The passage from the 
Maastrichtian to the Palaeocene must be present to the north of the saddle of 
Chenar-i-Gunjeshkan, and in the passage beds between the Baba Darwes 
and the Bluti formations which have not yet been explored in detail. That 
there is continuity of sedimentation between the Cretaceous and the Eocene 
seems however proved indirectly by the presence in the area surveyed of 
beds of both Maastrichtian and Palaeocene age. 


PALAEOCENE AND EOcENE. — The Palaeocene has been identified palaeonto- 
logically at Ambar Koh, Ali Abad, Barfaq and Tashkurghan and in the last 
two localities the beds rest directly on Maastrichtian strata without any ap- 
parent interruption in the sedimentation. However, as we have noted above, 
at Tashkurghan the fossiliferous series continues upwards into the upper 
part of the Lower Eocene and the Middle—Upper Eocene and the same con- 
tinuity is found at Ali Abad also. At Ambar Koh the presence of the Mid- 
dle Palaeocene (Middle Bukhara) is well documented palaeontologically to- 
gether with the Middle and Upper Eocene (Alai—Turkestan stages). At Ali 
Abad also there is proof of the existence of Middle Palaeocene (which is 
the top of the section). In these last two localities the Upper Palaeocene 
and Lower Eocene are missing; there is, in fact, a sedimentary gap which 
corresponds to these two intervals, a gap which at Tashkurghan is less ex- 
tensive vertically, being limited to the Upper Palaeocene and to the lower 
part of the Lower Eocene. As far as Barfaq is concerned there is evidence 
of only Middle Palaeocene and post-Palaeocene sediments, not better 
identified and also an erosional surface was observed immediately above the 
Middle Palaeocene strata. 


OicoceNnE. — The stratigraphical series is less clear higher in the sequence. 
There are only two localities in which Oligocene fossils were found, 
that is the locality east of Shiboglu Kotal and Ambar Koh. At the first lo- 
cality the megafossil fauna (Ostrea spp.) indicates the presence of Middle 
Oligocene in a series of coarse-grained clastic beds; at the second locality 
the only palaeontological evidence is represented by one fossil species (Gry- 
phaea sewerzowi RomaNnowskt) which was found at the previous locality al- 
so. It should be noted moreover that at Ambar Koh the top of the Upper 
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Eocene is marked by a stratigraphical break. There are no indications of 
the presence of the Oligocene in the area east of Ambar Koh. 


NEoGENE. — There was an interruption in sedimentation between the end 
of the Oligocene and the deposition of the Kokcha Formation. The lat- 
ter has been assigned to the Neogene. Nowhere has continuity of sedi- 
mentation with the underlying beds been found. The dating of the Kokcha 
Formation is only indirect because the scarse fossils collected have not pro- 
vided any satisfactory determinations. The fact that it covers a series of 
red beds in the neighbourhood of Ambar Koh, which with a certain hesi- 
tation have been referred to the Oligocene, suggests that the Kokcha For- 
mation is Neogene. 

These are some of the comments which arise from an examination of 
the table 2 and what has been said about the geological characteristics 
of the formations and stratigraphical sequences described. Now the rela- 
tionship between the formations described above and those of the same age 
in surrounding areas can be discussed. 


12. SOME COMPARISONS OF THE STRATIGRAPHY TO THE WEST OF FAY- 
DZABAD WITH THAT OF THE NEIGHBOURING REGIONS. 


In order to have a good basis for comparison between the sedimentary 
formations outcropping to the west of Faydzabad (Central Badakhshan) 
and the neighbouring regions, it is necessary to take into account their tec- 
tonic relationships. 

It has already been demonstrated that the stratigraphy of the sedimen- 
tary formation in the area to the east of Faydzabad can on the whole be 
correlated with that of Central Pamir (page 41). It is known that between 
the two sedimentary areas located to the east and to the west of Faydzabad 
there is a wide belt of metamorphic and igneous rocks forming an anticlinal 
structure, cut on both sides by deep faults, which can be correlated with the 
tectonic zone of Northern Pamir. According to the interpretation given by 
Desio (1965), the western Badakhshan and the Kataghan are therefore on 
the southern continuation of a tectonic zone outside the structures of the real 
Pamir and mostly related to the structures of Darwas and of the Upper 
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Amu Darya depression, in Tadzhikistan, of which they representet the 
southern continuation. 


It is therefore in such regions that the correlations with the sedimen- 
tary formations outcropping in the western part of Central Badakhshan and 
in Kataghan must primarily be looked for. 


It is convenient at this point to review the formations described in this 
volume beginning with the oldest. The Farkhar Formation, forming the 
base of the sedimentary rocks which overlie it with an angular unconformi- 
ty, will be omitted. 


It is already known (page 40) that the Jurassic formations outcrop- 
ping in the Karkar region and those of Dashtidzhum in the western rim of 
Badakhshan can be correlated. This correlation can be extended to the 
overlying clastic deposits (« Red Grit ») of Lower Cretaceous age. 

The Middle and Upper Jurassic are, however, also represented in Tad- 
zhikistan and particularly on the southern slopes of the Hissar range (J. JL'IN, 
et al., 1947). Regarding the Middle Jurassic there is a coarse, clastic, continen- 
tal facies, similar to that of the underlying beds — also containing, however, 
finer-grained, thinner, coal-bearing sediments — which could represent our 
Shingan Conglomerate and part of the Qara Bulaq Sandstone. In the same re- 
gion lithotypes comparable with those of the Karkar Formation are also 
present. Lower in the sequence, in fact, there is a predominantly calca- 
reous stratigraphical unit containing intercalations of bituminous shale, marl, 
sandstone and conglomerate of Callovian—Oxfordian age which can be cor- 
related with the lower member of the Karkar Formation. Above there oc- 
curs the evaporitic formation of Haurdan, of Kimmeridgian—Tithonian age, 
which corresponds to the upper member of the Karkar Formation present in 
various parts of the Upper Amu Darya Depression. 

It is not necessary to dwell on the Cretaceous—Eocene formations be- 
cause a description of the palaeontological relationships between them and 
those of Tadzhikistan is included in Appendix A. It is necessary to men- 
tion here that in the area investigated and in the remaining part of north- 
ern Afghanistan, those coarse, clastic deposits known as the « Red Grit » 
overlying the Karkar Formation are referred to the Lower Cretaceous. 
Weiprert (1968) considers the « Red Grit » a facies and not a formation and 
modifies the original interpretation (Grrespacn). The Qara Bulaq Sand- 
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stone has the characteristics of a formation and also partly displays the « fa- 
cies » of « Red Grit », that is a red deltaic deposit. 

The eastern part of the Upper Amu Darya Depression also contains 
reddish, deltaic, clastic deposits (shales and rarer conglomerates) similar to 
the « Red Grit »; in the western part, marine and lagoonal deposits are in- 
tercalated with the continental deposits. 

S. N. Srmakova assigns a Valanginian—Lower Hauterivian age to the 
above mentioned red horizon which is well exposed between the Vakhsh 
and Jliak rivers. The same age also could be assigned to the Qara Bulaq 
Sandstone, or to a part of it. 

In the same area, to the north of the Amu Darya, there is an overlying 
gypsiferous horizon containing some fossils (Exogyra) assigned to the Upper 
Hauterivian — Aptian which could be correlated with the Gazestan For- 
mation overlying the Qara Bulaq Sandstone. 

The Albian is also present in the same region and is mostly represented 
by red sandstones, occasionally containing remnants of carbonized plants 
and some intercalations of fossiliferous, calcareous beds. In the area in- 
vestigated there are many elements which contribute to identify this stage 
to which WeipPert (1968) assigned the lower parts of the Pull-i-Khumri 
series without valid evidence. 

In the region investigated, predominantly calcareous, Upper Cretaceous 
formations unconformably overlie the older ones. To the north of the Amu 
Darya they are averlain by a thick marine sequence, consisting of interbed- 
ded shales, sandstones and richly fossiliferous limestones. The typical se- 
quence is still considered to be that outcropping on the south-western 
slopes of the Gissar which B. A. Borneman (1940) divided into numerous 
stratigraphical units impossible to establish in the region investigated. 

It is not necessary, however, to dwell further on this problem because 
the relationships between the previous sequence and the Upper Cretaceous 
and Paleogene formations of Tadzhikistan are discussed on the basis of pa- 
laeontological data — which have the greatest validity — in Appendix A.1. 

Concluding, it can be stated that although a large variety of lithostrati- 
graphic units characterise the Cretaceous—Paleogene stratigraphy of the Up- 
per Amu Darya Depression, it is still possible to recognize a real continuity, 
but not always an identity, between the formations outcropping on the op- 
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posite sides of the Amu Darya river, which is revealed by their rich fossil 
faunas; this large river, in fact, does not mark any geological boundary. 

Regarding the Paleogene, it can be stated that the same subdivisions 
of the stratigraphical series adopted for Tadzhikistan and the neighbouring 
regions by O.S. Viatov are also valid in the region studied. 

Regarding this, reference should be made to the two palaeontological 
appendices and the text. The diagrams of figg. 26 and 27 show the rela- 
tionships between the stratigraphy of Kataghan and neighbouring regions. 
A short comment will now be made regarding the continental formations 
unconformably overlying those mentioned above: the Kokcha Formation and 
the Talugan gravels. The two members of the former are comparable with 
the Polizak suite and the Kurteka Formation respectively of Pliocene age, 
and with part of the Miocene of Tadzhikistan and Darvaz. The latter is 
described in the chapter dealing with the Pleistocene. 

The above discussion helps to demonstrate that the Kataghan was part 
of the sedimentary basin of the Upper Amu Darya Depression, and repre- 
sented a part of its southern, neritic and coastal belt. 


B. METAMORPHIC FORMATIONS 


1. INTRODUCTION. 


The metamorphic rocks also have been grouped into formations, to 
which local names have been assigned, as is the usual practice in the case 
of the sedimentary rocks. 

The metamorphic formations of Central Badakhshan are derived main- 
ly from the action of regional metamorphism on sedimentary rocks among 
which different facies are represented. The deepest facies is represented 
by three types of gneiss, that is the Faydzabad Gneiss, Tarang Gneiss and 
Kurkhu Gneiss. These latter two have also been affected by the action of 
anatexis and metasomatism. 

The rocks of the medium stage have been grouped into five formations: 
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Rabat Gneiss, Qara Mughul Gneiss, Halqa Jar Amphibolite, Kaferan Mar- 
ble, Sur Khan limestone. The Kalawch limestone has low-stage metamor- 
phic characteristics but not sufficiently pronunced as to obscure the fossils. 
For this reason it has been included among the sedimentary formations 
together with the Wuran Shar limestone, which is also fossiliferous. As fai 
as the black slates are concerned, as we have said previously in connection 
with the Furmoragh shales (page 28), under this generic name there are 
perhaps more formations, not all affected by the same grade or type of me- 
tamorphism. 

Among the metamorphic formations the most common and widespread 
lithotypes are without doubt gneiss, among which five different formations 
have keen distinguished. These are followed in their distribution by the 
amphibolites and then the calcareous formations. Among these we have re- 
cognized two formations, which because of their pronunced metamorphic 
grade have not been considered suitable for inclusion in the section on the 
sedimentary rocks. 

The metamorphic formations which will be described in the following 
page are eight in number and are as follows: 


1. Faydzabad Gneiss (Fg) 
2. Rabat Gneiss (Rg) 
2a. East Rabat Gneiss 
2b. West Rabat Gneiss 
. Qara Mughul Gneiss (Qg) 
. Halga Jar Amphibolite (Ha) 
. Kurkhu Gneiss (Kg) 
. Tarang Gneiss (Tg) 
. Black Slates (bs) 
. Kaferan Marble (Km) 
. Sur Khan Limestone (skl) 


Oo ND of © 


To these eight must be added a ninth represented by black slates, but 
these have been discussed together with the fossiliferous Furmoragh shales 
in the chapter devoted to the sedimentary formations (page 28). 

~ These listed are not all of the metamorphic formations of the region 
east of Faydzabad. Near the eastern limit of the area, around Lake Shiwa 
and outside the area of the geological map, still other types of metamor- 
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phic rocks outcrop, as well as part of those listed above; rocks which will 
be described in the chapters dedicated in particular to the area around 
Lake Shiwa, Zebak and in the Wakhan valley. 


2. DESCRIPTION OF THE FORMATIONS. 


2.1. Faydzabad Gneiss. 


GENERAL FEATURES. — Faydzabad Gneiss forms one of the deepest 
metamorphic cores in Badakhshan. It crops out east of Faydzabad as a do- 
me-shaped anticline deeply crossed by the Kokcha river. 

The main lithological types are biotite-garnet-sillimanite migmatitic gneis- 
ses with kinzigitic composition. The upper levels are more massive with 
heterogeneous grain; they grade into augen gneiss in which the large garnet 
porphyroblasts commoly form lenses and beds. Everywhere, but mainly 
in the upper part, intercalations of marble, calephyre and amphibolite are 
present. 

Near the contact between the carbonatic rocks are injection zones with 
calcphyre and quartz-feldspar beds. At the contact between the sialic beds 
and the amphibolites are present amphibolite-gneiss recalling a tonalite com- 
position. In the lowest part, besides the sialic injection bed to bed, there 
are real filonian granite bodies that are generally concordant. The visible 
total thickness is over 2000 m. 


FieLp OssERvations. — Upstream from Faydzabad the Kokcha valley 
is deeply enclosed by a thick migmatic series, that, at first sight, shows an in- 
teresting variety of petrographical types. 

The symmetric correspondence of the western contacts of the migmatitic 
mass round a central well differentiated zone, allows us to consider the Fayd- 
zabad Gneiss as a much compressed dome forming a very deep core in 
the metamorphic complex of Central Badakhshan. The dome-shaped struc- 
ture is evident in the northern part, from Faydzabad as far as Pular, where 
the migmatites show the greatest extension. Along Kokcha valley, on the 
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other hand, there is a much stretched anticline overturned eastwards, that 
quickly dips southwards under its gneissic cover. 

The beautiful outcroppings revealed by the erosion of Kokcha, mainly 
in its right bank, show also at macroscopic scale the migmatitic nature of 
the unit. The most distinctive feature is the layering in levels of different 
lithological composition, thickly intercalated and with marked stratiform 
structures that give the sequence a sedimentary appearance (Plate V fig. 1). 
In fact the better preserved paleosomatic relics are calcareous levels and beds 
transformed into calcphyres that, in spite of their thinness, can be followed 
for many kilometres. The gneissic rock forming the greatest part of the 
migmatitic complex has an intense and repeated intercalation of beds with 
different mineralogic composition, among which calcphyres are inserted 
with concordant layering. The intercalation of mafic and sialic zones is ve- 
ry evident, and the sialic zones grade into granite- or pegmatite-looking types. 
The mafic zones are formed both by very biotitic gneiss and by amphibo- 
lite beds that have the same horizontal continuity than the calcphyre and 
are often joined to them. 

In the central part of Kokcha outcrops, near the village of Khanaqa, 
migmatitic biotite-garnet gneisses with sillimanite, with alternating mafic 
and sialic beds, the last with feldspathic eyes, lenses and lenticles (61 AP- 
36) prevail. 

500 m west of the village, a zone of about 100 m of brown and hazel- 
brown calcphyres, saccharoid-loocking, rich in diopside, scapolite, hornblende, 
and titanite, with quartz and feldspar beds, in which potash-feldspar pre- 
vails, inteposes. Round the village, in different parts, sialic lenticular 
beds, some hundred metres long, in the gneisses have rather granitoid or 
pegmatitic composition and the gneisses contacting them become very sia- 
lic, augen and coarse-grained, with sinuous and thin biotite beds (61 AP- 
39). In other parts the contact forms a thin zone of enrichment in biotite 
and garnet, lain in fine-grained beds in which small lenses and quartz-feld- 
spar bands are inserted (61 AP-40). 

The biotite-garnet gneisses with sillimanite continue northwards as far 
as Khanaqa, always joined with granite-pegmatite injections, with calcphy- 
re layers and some long amphibolite stripes. 

The most important lithological features of the upper Faydzabad 
Gneiss are upstream Kokcha valley, after Khanaga: they are migmatitic 
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gneiss with two micas. Unlike the ones just mentioned they have fine, 
slightly schistous, zoned grain; the feldspathic eyes are numerous, but they 
are regularly placed and have small dimentions (61 AP-45). But upstream 
there exist, less frequently, coarse biotite-garnet augen gneisses, forming 
narrow and repeated stripes bound to the calcphyres layers, showing the 
most gradual mingling with them. In the fusion zones migmatitic amphi- 
bole-biotite zoned gneiss appear; they are fine-grained, with irregular and 
discontinuos sialic, sometimes augen, beds, in a grey-green bottom mass (61 
AP-41). Sometimes they are migmatitic gneiss particularly rich in iso-orient- 
ed gamet eyes (61 AP-42). Amphibolite stripes of various thickness are 
joined to calcphyres, and their bottle-green colour gives the mountains sides 
great chromatic relief. Some metres long near the contact, calcphyres have 
more crystalline structure and seem particularly rich in scapolite, edenberg- 
ite, pystachite and titanite (61 AP-43). Amphibolite have fine and massive 
grain, with some sialic lenses (61 AP-44). 

This calcphyres and amphibolites zone continues from the Kokcha val- 
ley through the north-eastern margin of Faydzabad Gneiss as far as the vil- 
lage of Pular with a variable thickness of 100 to 500 m. The same hap- 
pens along the south-western margin between the towns of Faydzabad and 
Gazan. In all these peripheral parts and in the widest dome-shaped crest 
of the gneiss NE of Faydzabad, the migmatitic garnetiferous gneiss with two 
micas, with marked schistose texture prevail, and sometimes they shows 
relics of mostly muscovitized sillimanite (61 AP-107). 

As it is not possible to see a complete stratigraphical section of Fayd- 
zabad Gneiss, we shall describe the results of the crossing of the whole for- 
mation from east to west, that is from the Sum Darrah valley to the town 
of Faydzabad. The described sequence contains the more or less symme- 
trical repetition of all the terms forming the two parallel strongly stretched 
sides of the Faydzabad anticline. 

We observed the sequence as follows: 

a) Thin biotite-garnet paragneiss (Rabat Gneiss); 

b) crystalline limestone, 5 m; 

c) amphibolites and biotite-amphibole schists, 28 m; 

d) crystalline limestone and calcphyre, tightly joined to amphibolite bands, 
40 m; 
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e) biotite-garnet migmatitic augen gneiss, 20 m; 

f) bands of crystalline limestone, calephyre and amphibolite, 55 m; 

g) migmatitic augen gneiss with biotite, garnet and sillimanite with some 
pegmatitic veins, 100 m; 

h) bands of crystalline limestone, calephyre and amphibolite, 60 m; 

i) migmatic augen gneiss with biotite, garnet and sillimanite, 80 m; 

k) massive microgranular amphibolite, 40 m; 

1) migmatitic augen gneiss with biotite, garnet and sillimanite, 70 m; 

m) paragneiss, 3 m, (6) AE-28); 

n) amphibolic gneiss, 2 m, (61 AE-30); 

o) very plagioclasic amphibolite (61 AE-30) and massive amphibolite (61 AE- 
31), 40 m; 

p) migmatitic augen gneiss with biotite, garnet and sillimanite with interca- 
lations of crystalline limestone and calcphyre, 120 m; 

q) migmatitic augen gneiss very rich in garnet containing amphibolite len- 
ses, 10 m; 

r) migmatitic augen gneiss very gametiferous with biotite and sillimanite, 
with intercalations of calcphyre and amphibolite at intervals of about 50 
m, 700 m; 

s) migmatitic gneiss with biotite, garnet and sillimanite with amphibolite 
bands and pegmatite and quartz veins, 300 m; 

t) migmatitic banded augen gneiss with biotite, garnet and sillimanite with 
a few intercalations of calephyre and amphibolite, 300 m; 


u) very gametiferous migmatitic gneiss with pegmatitic injections both con- 
formable and unconformable, 500 m; 


v) migmatitic augen gneiss with biotite, garnet and sillimanite, 300 m; 
w) migmatitic augen gneiss with biotite, garnet and sometimes sillimanite, 


with intercalations of marble and calcphyre levels and lenses up to 20 
m thick, 800 m; 


x) very garnetiferous migmatitic augen gneiss, 100 m; 
y) amphibolite with pegmatite veins, 60 m; 
z) fine biotite paragneiss (Qara Mughul Gneiss). 


PETROGRAPHICAL FEATURES. — The outstanding petrographical charac- 
teristic in Faydzabad Gneiss is the strong feldspathization joined to abun- 
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dant metablastesis of biotite, garnet and sillimanite. The facies is similar 
to the Kurkhu Gneiss from which it mostly differs in the presence of impor- 
tant calephyre and amphibolite intercalations, and granite, aplite and peg- 
matite dykes. In the gneissic types we notice a rather high recrystalli- 
zation degree of paleosoma, that, in the most preserved zones, appears as a 
granoblastic contexture of oligoclase-andesine, quartz and biotite in iso- 
oriented scattered lamellae. As the feldspathic or quartzous-feldspathic 
beds and lenses thicken, the structure becomes more heterogeneous and 
biotite increases in fresh tabular patches with marked pleochroism, light 
yellow and red-brown coloured, joined in diablastic aggregates or in curled 
sheaves along which garnetiferous idioblasts and sheaf-shaped sillimanite ag- 
gregates are scattered. At the same time there is a basification of plagio- 
clase that reaches an average andesinic composition (An 5-37) always in 
small granules of the same dimention. More seldom we find micrograno- 
blastic types with quartz and potash-feldspar, poor in mica with alternating 
beds of different granulometry. 

The feldspathic contribution generally happens with the growth of pla- 
gioclase eyes, with varying composition about that of paleosoma or slightly 
more calcic up to andesinic Anso-42 and, in smaller quantities and not ev- 
eriwhere, with potash-feldspar eyes of late crystallization if compared with 
the preceding one. In the types with plagioclase neosoma there is a con- 
comitant introduction of quartz, also in great quantities, that differs from 
the more or less cataclastic one of the gneiss paleosoma. 

Also a great amount of quartz remobilized and recrystallized in optical- 
ly unitary lenses and stripes, tightly joined to the metablastic biotite-sillima- 
nite-gamet bands belongs to this second generation. 

The plagioclase eyes present uniform composition, with considerable po- 
lysintetic geminations with albite, carlsbad and pericline; as a rarity some 
manebach-ala twins were found. They have the shape of prismatic crystals 
with round edges, the major axes of which generally have trends unconfor- 
mable to those of the schistosity planes even if they lay in them, wrapped 
in neoincreased biotite or microgranoblastic quartz borders. The potash- 
feldspar eyes, on the other hand, are present as isolated prismatic crystals, 
free from metablastic rim and of bigger dimentions that the plagioclase. In 
comparison with the plagioclase they later recrystallize. 


In the sialic gneisses poor in mica (muscovite) there are only eyes of pot- 


FAYDZABAD GNEISS 163 


ash-feldspar partially produced by the recrystallization and reunion of or- 
those crystals present in the paleosoma, together with the limited remobili- 
zation of quartz in conformable stripes. To these gneisses are often joined 
bands of carbonatic rocks transformed into calcphyres, at the contact with 
which, fine textures develop in bands and stripes, where the gneissic portions 
or the just quartzous-feldspathic ones come into evidence. 

All the carbonatic rocks have hornfels, where, near calcite recrystal- 
lized in spathic specimens, we can observe crystals of diopside, hornblende, 
edenbergite, scapolite and titanite in different proportions. Generally 
these components are grouped in beds and stripes made up of the following 
associations: diopside-hornblende-titanite, edenbergite-titanite with late horn- 
blende. In the types rich in quartz instead of calcite there is anortite to 
which are joined biotite laminae that are scattered or joined in lepidoblas- 
tic sheaves; anorite and quartz form a granoblastic ground-mass not dif- 
ferent from the above described calcphyre. To these components horn- 
blende and scapolite crystals can be associated at the sialic bands contact. 

The sialic parts generally have two different aspects: as beds with gra- 
noblastic heterogeneous structure, the central zone of which is made up of 
orthose crystals and the marginal ones of quartz; as discontinuous quartz len- 
ses that include crystals abnormally increased with scapolite and hornblende 
or, less often with pyroxene and containing potash-feldspar eyes. 

The amphibolite associated to the calcphyre bands can be grouped in 
two different types: amphibolite with labradoritic plagioclase with addition- 
al quartz grading into amphibole-biotite gneiss; amphibolite with anortitic 
plagioclase, poor in quartz, sometimes with diopside. The first ones distin- 
guish themselves by the lineated texture given by the parallel orientation of 
the amphibolic prisms, orientation that grades into the schistose one in the 
amphibole-biotite types and by the interstitial quartz models itself. Pla- 
gioclase has an average correspondence to labradorite An s4-ca 

In the second type, the rock takes fine granoblastic quite cornubianitic 
structure, because of the simultaneous increase of homblende and plagio- 
clase. The latter has anoritic composition up to 98% An. Sometimes there 
are diopside porphyroblasts and plently of titanite crystals. 


PETROGENETICAL CONSIDERATIONS. — The upper boundary of Faydzabad 
Gneiss corresponds to the first appearance of sillimanite; such a fact causes 
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a clear separation of facies noticeable on the ground too. In fact, with the 
presence of sillimanite there is a degree of regional metamorphism such to 
reach the field of anatexis and of the mobilisation of granitic melts. 

We have already seen that the feldspathization and granitic injection 
phenomena are characteristic of Faydzabad Gneiss, now it must be noticed 
that the intensity of these phenomena symmetrically decreases from the core 
to the peripheral parts of the dome-shaped kinzigitic aggregate. On the 
roof of the aggregate, that is in the amphibolite and in the biotite para- 
gneiss, the feldspathization abruptly stops; while the injections of granitic 
and pegmatitic spindles, that have greater mobility and autonomy, persist 
in a very attenuated way. This means that Faydzabad Gneiss is not conta- 
minated by magmatic process of close plutons, but it forms a mobilization 
centre of granitic materials that has undeniable petrographic and structural 
evidence. The perimagmatic influence of the close circumscribed plutonic 
centres, as that of Abu Abdal, are tightly limited at the periphery of the 
pluton and, with convergence phenomena, they show their separation from 
the regional metamorphic evolution of the enclosing rocks. 

Faydzabad Gneiss that developed themselves, as we saw, under the iso- 
grade of sillimanite, have typical mineral associations of almandine-amphi- 
bolite facies and of sillimanite-almandine sub-facies. 

The greatest part of the formation shows pelitic associations character- 
ized by the presence of quartz-sillimanite-garnet-plagioclase and biotite. In 
some pelitic schists with muscovite, mica tends to be substituted by po- 
tash feldspar. 

The carbonatic associations present in the intercalations of marble and 
calcphyre are interesting, mainly for the convergence phenomena with fa- 
cies of contact metamorphism. The most diffused associations are: calcite- 
scapolite, diopside-hornblende-titanite, edenbengite-titanite, anortite, horn- 
blende, biotite and quartz. The fabrics are mainly markedly cornubianitic. 
The described associations are clearly of a transitional type to hornblende 
hornfels facies, characteristic of contact belts, and developed in a lower 
depth than that of almandine-amphibolite facies, according with Fyre, Tur- 
NER & VERHOOGEN (1958), and others. As for the amphibolite present in 
Faydzabad Gneiss its sedimentary ovigin seems to be sure, because of the 
close lying bound with the above described rocks with pelitic and calcar- 
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eous affinity. Other characteristics strengthening such hypothesis are: 
the thin, intensely zoned texture of amphibolite, the frequent orientation of 
hornblende crystals; the appearance of schistose and well-foliated texture; 
the presence of quartz. 

Two are the characteristic mineralogic associations: homblende-plagio- 
clase-quartz, and hornblende-anortite (diopside). They can be explained 
with the presence of intercalations of marls or dolomitic marls and_ basic 
tufs in the pelitic-calcareous series that originated Faydzabad Gneiss. Some- 
times we can speack of metasomatic substitution of carbonatic layers 
as well, because of the frequent gradual transitions among marble, calc- 
phyre and amphibolite; and also because of some calcareous relics found in 
the amphibolite. 


2.2. Rabat Gneiss. 


GENERAL FEATURES. — The name of the formation comes from the 
village of Rabat, lying on the right side of the Kokcha valley, upstream 
from Faydzabad. 

Previously we enclosed the fine-grained biotite-garnet gneisses outcrop- 
ping in the Kokcha and Sum Darrah valleys, to the west, and in the upper 
Kurkhu valley, to the east, within the so-called Rabat Gneiss formation 
(Desto, Martina Pasquare, 1964). Nevertheless the different stratigra- 
phic and structural positions of the gneisses in the west and east areas re- 
quire a separation in two different units which are to be called West Rabat 
Gneiss and East Rabat Gneiss. The lithological differences are the follow- 
ing: 

a) The West Rabat Gneiss is made up of fine-grained biotite paragneiss con- 
taining garnet and sillimanite, alternating inferiorly with marbles and calc- 
phyres; 

b) The East Rabat Gneiss is a biotitite-garnet paragneiss grading into mig- 


matitic veined gneiss locally amphibolic and often rich of sillimanite. In 
the last gneissic sequence numerous intecalations of marbles are enclosed. 
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The assemblage of marble layers can originate lenticular horizons as thick as 
a hundred metres (’). 


FieLD OBSERVATIONS. — Surveying the right side of the Kokcha valley, 
before the village of Rabat, we observe that the passage to Faydzabad 
Gneiss is extremely gradual and characterized by the interposition of biotite 
tabular gneiss, biotite-garnet gneiss with sillimanite (61 AP-46) and migmati- 
tic augen gneiss. 

South of Rabat the transition zone reaches a thickness of over 500 m, 
in which a conventional medium limit was stated. 

Another point where the observation of this formation is easy is the 
valley of Khas, left tributary of the Kokcha river, flowing near Jurm. The 
narrow sides of the valley are excavated in a strongly stretched series of thin 
zoned, fine, biotitic paragneisses that are grey or grey-green coloured with 
calcitic-chloritic veins (61 AP-96, -99) and with marble and calcphyre bands 
frequent in the lowest part of series mainly. Marbles appear in massive 
levels, with coarse grain and saccharoid fracture, spotted by iron minerals 
nests (61 AP-101). 

Calcphyres are tightly mingled to biotitic paragneisses, that, at the con- 
tact, have hornblende enrichments until they grade into amphibolic gneis- 
ses alternating in beds to the calcphyres themselves. These ones appear in 
the outcropping as long yellow or green-grey coloured bands, with very he- 
terogeneous texture. 

We notice typical calephyre wit scapolite (61 AP-100) but also bands 
lacking in calcite, with scapolite, actinolite, diopside and titanite (61 AP- 
97). | 

In the gneiss the most important variation appearing in the lowest 
part of the series is the outcropping of garnet together with the acquisition 
of augen structure recalling the passage types to Faydzabad Gneiss round 
Rabat. Locally there is the passage to bands of migmatitic biotitic-garneti- 
ferous banded augen gneiss with sillimanite, that are regularly zoned, with 


sialic beds with amigdalar expansions in a biotitic very diffused matrix (61 
AP-98). 


(1) In the Geological Map of Central Badakhshan enclosed in the present volume, the two types 
of gneisses are not distinguished with particular colours. Nevertheless the outcrops to the east of 
Baharak meridian are to be referred to the East Rabat Gneiss, those to the west of it to the West 
Rabat Gneiss. 
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The same mixing of biotitic paragneiss, marble and calcphyre goes on 
northwards along the Koh-i-Surkh-Koh ridge as far as the Shahran basin. 
Beyond it there is a gneissic series, lacking in carbonatic relics and crossed 
in concordance by the intrusion of Abu Abdal granite in the central part, 
with peripheral contamination bands. These bands are well placed in the 
basin east of the Shahran village where the gneiss is clearly crossed by peg- 
matitic granite veins up to 1 m thick. At the contact, about 120 m thick, 
there is a dioritic-gabbroid mass, with irregularly oriented texture, corre- 
spondent to a migmatitic biotite-amphibole gneiss (61 AP-105). In_ this 
mass there are beds with indefinite borders of biotitic gneiss, that were en- 
riched with feldspathic eyes (61 AP-106). 

Near Sar-i-Hauwidz, calcschistose bands, enriched with contact minerals, 
mainly flogopite (61 AP-159), appear among gneiss and marble. From here, 
going upwards to Kotal Dar-Khan, there are very thick injections bed to 
bed, of granitic and pegmatitic material inserting into zones of great lami- 
nation of the rock, where zones of very variable composition, as biotite 
augen gneiss, amphibole gneiss, cornubianite with pyroxene, scapolite, am- 
phibole and titanite (61 AP-161) alternate at a very short distance. 

North of Kokcha, the gneisses go on with a thick lining up of tectonic 
flakes, some of which are made up of Mesozoic and Palaeozoic limestone. 
In the Kotal-i-Kaferan zone, besides these mechanical contacts, they can 
be surely seen stratigraphical contacts given by an abrupt superimposition 
of limestone, transformed into saccharoid marble, to biotitic, fine-grained par- 
agneiss. Marble forms long bastions with walls falling perpendicularly, 
often folded forming thin synclines, resting in scanty gneissic slopes. 

In the same zone, east of the Kotal-i-Kaferan, there is a long contact 
front between Rabat Gneiss and Halqa Jar Amphibolite; beyond this limit 
amphibolite covers a very wide horizon while gneiss comes down to a nar- 
row stripe at Faydzabad migmatite contact. 

In the Palang Darrah valley, at the amphibolite contact there is often 
green paragneiss with biotite, rich in iron oxides, titanite and apatite with 
not much evident schistosity and portions with incipient kaolinization (61 
AP-136). 

The common gneissic facies presents gammetiferous types with two mi- 
cas, that are grey, regularly schistose and slightly banded (61 AP-134). Some- 
times they contain sialic quartzous-feldspathic injections with amigdalar 
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expansions and gamet metablastesis in a gneiss paleosome with two micas, 
but prevailingly muscovitic (61 AP-134). 

North-west of Palang Darrah, along the Sela-i-Kalan valley, a band of 
Rabat Gneiss of an average thickness of 500 m is inserted among the amphib- 
olite and the gabbric masses of the pluton of Muzung. The lithological 
type is the usual one of the fine, grey, tubular, very biotitic paragneiss hav- 
ing small feldspathic eyes scattered in him (61 AP-129). The amphibolite 
contact does not show noticeable modifications, but towards the Muzung 
Gabbro the rock is enriched in chlorite and garnet, assuming a more marked 
tabular schistosity and a pale green colour (61 AP-126). 

In the basin above Sela-i-Kalan the diorite contact happens with a fa- 
cies with very marked lamellar schistosity, from the composition of gamet- 
iferous micaschist (61 AP-125), 

The head of the Kurkhu valley and its right hand side are formed by a 
heap over 1000 m thick of East Rabat Gneiss to which long marble are re- 
peatedly mingled. On the right hand side of the valley the alternance of 
marble and gneiss is so thick it forbids the cartographical separation of the 
single elements. The gneiss is garnetiferous, fine-grained, zoned, very schis- 
tose as far as it foliates and iron-coloured (61 AP-90). 

At the base, above the Kurkhu Gneiss, it is thickly injected with grani- 
tic material, both diffused and concentrated in aplitic and pegmatitic, also 
discordant, dykes. The diffused material gives rise to migmatitic biotitic-gar- 
netiferous gneiss with sillimanite. This are banded, with the dark beds of 
paleosoma, clearly recognizable as biotitic paragneiss (61 AP-88, -89). At the 
marble contact there are often green-coloured bands as contaminations pro- 
ducts with calcareous material, with the composition of migmatitic biotitic- 
amphibolic gneiss (61 AP-91). 


PETROGRAPHICAL FEATURES. — Two groups of rocks are evident, in the 
great variety of petrographical types forming the « Rabat Gneiss » they are: 
the fine gneiss with different transitions to a migmatitic gneiss and kinzigi- 
tic, the marble and calcphyre often joined to amphibolic gneiss and some- 
times to amphibolite. 

The group of sialic gneiss shows as a recurring type a fine biotitic para- 
gneiss where quartz and feldspar form a homogeneous granoblastic com- 
pound in which the clastic border of some granule is now and then visible. 
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Sometimes feldspar is only plagioclasic, generally oligoclase or oligoclase- 
andesine, sometimes, on the other hand, there is a mixture of plagioclase 
and orthoclase in different quantities. Quartz is partially recrystallized and 
forms concordant stripes, at the contact of which small laminae and thin 
muscovite aggregates are developed. Biotite, on the contrary, is perfectly 
steady and distributed in a homogeneous way, in shape of small tabular 
strongly iso-oriented laminae, both isolated and in thin beds. Sometimes 
there are also amphibolic beds, generally of actinolite, in elongated prisms 
mostly substituted by biotite. 

In the same types there is often a marked and general recrystallization 
with metablastic increase of biotite and sometimes also of muscovite in 
wide checkered levels among the quartzous and feldspathic granules. These 
transformations occur in concomitance with strong mechanical deformations, 
particularly marked in quartz and micas during their growth. Garnetife- 
rous granules appear too. 

In many cases, near the described transformations, there is the growth of 
eyes and glomeroblasts of plagioclase of andesinic An 3-35 composition, also 
placed in discordance with the fine schistose orientation, recalling those of 
the biotitic paragneiss. Here gamets are shaped like big idioblasts. 

In the other cases, the glomeroblasts are made up of potash-feldspar, 
while plagioclase has the form of more or less poikiloblastic eyes. In such 
rocks, feldspar, mainly potassic, includes and strongly corroded quartz. No 
differences of composition are noticeable between the porphyroblastic pla- 
gioclase and that of the bottom mass. When there are differences, we notice 
a greater acidity of the porphyroblasts with the greatest difference of 12% An. 
In the types without lost the previous contexture of fine gneiss, it is no- 
ticeable an altemmance of coarse quartz-feldspar granoblastic bands, of bio- 
tite-sillimanite aggregates with garnetiferous porphyroblasts, and feldspathic 
eyes of big dimensions. 

Afterwards there are typical banded-augen kinzigitic gneisses that from 
the petrographical point of view are not well distinct from the ones in the 
Faydzabad and Kurkhu formations. A great range of calcphyre up to cor- 
nubianite, amazing for their typical associations of contact metamorphism, 
is developed in connection with the carbonatic bands included in the gneiss. 
The passage to the gneiss sometimes occurs with amphibolitic rocks some- 
times with thick alternating beds and cornubianite. 
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Pure saccharoid marbles are scanty and at times they are full of iron 
minerals in a groundmass spathic calcite with microgranular relics; more of- 
ten they are enriched in tabular euhedral flogopite laminae while the micro- 
granular beds contain amphibolic crystals. 

More seldon there are types containing a detrital quartzous-feldspathic 

fraction, in which calcite recrystallizes in flat, intensely iso-oriented speci- 
mens, while scapolite idioblastically increases. Scapolite is the most dif- 
fused mineral in calephyre, where it now and then forms monomineral beds 
with granoblastic structure, or mingles with calcite as the only mineral joined 
to it. Generally in such types, in calcite are the marks of a recrystallization 
oriented following early specimens of smaller dimentions, with clastic form 
too, while scapolite appears in isometric idioblasts with strong unitary and 
late blasthesis. 
The cornubianite bands generally are not as independent elements, but are 
related to the zones of greater metamorphic differentiation, also on centi- 
metre scale. They too, are mainly constituted by a granoblastic scapolite 
aggregate with actinolite or hornblende, titanite, diopside xenoblasts in dif- 
ferent quantities as hosts. 

Into the amphibolic gneiss too, thick interposed beds and bands with va- 
riable composition from migmatitic to fine biotitic-amphibolic, to more homo- 
geneous coarse-grained, gabbro-dioritic looking gneiss are visible. Plagio- 
clase has an andesinic term with composition Anz-35 also in the migmati- 
tic types, where sometimes there is neoformation of potash-feldspar that is 
earlier than plagioclase. In these types, and above all in the farthest from 
the original paragneiss composition, hornblende is increased in euhedral 
prisms also later than granoblastic quartz. 


PETROGENETICAL CONSIDERATIONS. — Rabat Gneiss, was originated by a 
metamorphism of lesser degree of the same pelitic-calcareous series forming 
Faydzabad Gneiss in the lowest part. It lies above the isograde of sillimanite 
with typical mineral associations of the staurolite sub-facies. 

The pelitic and psammitic associations with quartz-biotite-garnet-plagio- 
clase (muscovite-potash feldspar) prevail. Locally there are migmatitic fa- 
cies with sillimanite, to be related to an anomalous increase of the metamor- 
phic degree owing to granite plutonic masses of late intrusion as the one of 
Abu Abdal. In the rocks with calcareous derivation the following associations 
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prevail: calcite-scapolite-diopside-actinolite; calcite-diopside-flogopite, calcite- 
scapolite-hornblende-plagioclase (quartz). The described associations belong 
to the hornblende-hornfels facies, because, here too, there is the convergence 
phenomenon between regional and contact metamorphism, noticed in Fayd- 
zabad Gneiss. In them the most marked phenomenon is scapolitization 
much more intense than in the calcphyres included in Faydzabad Gneiss. 
It must be ascribed to the reactions occurred in the impure limestone with 
following liberation of COz, volatile component indispensable to the crys- 
tallization of scapolite. Probably a certain proportion of dolomite was pre- 
sent in the original carbonatic rock, and this could answer for the following 
formation of actinolite (tremolite) and diopside with elimination of COz. 
The original conditions for the formation of amphibolite are lacking. The 
amphibolic gneiss is essentially present as product of contact metamor- 
phism of Abu Abdal Granodiorite, with the association plagioclase-hornblen- 
de-quartz-biotite, tipical of the hornblende horfels facies to which, in an- 
other way, the rocks with carbonitic origin already mentioned, arrived too. 


2.3. Qara Mughul Gneiss. 


GENERAL FEATURES. — Qara Mughul Gneiss forms the covering of 
Faydzabad Gneiss west of Faydzabad town, and stratigraphically corre- 
sponds to the Rabat Gneiss diffused in the region east and north-east of 
Faydzabad. 

The petrographical analogies between the two types of gneiss are 
recognizable, while the distinction between them in the field was allowed 
by the intense compenetration and mingling of Qara Mughul Gneiss 
and Halga Jar Amphibolite with the usual intercalations of marble and calc- 
phyre levels, some of which had often considerable thickness and extension. 
The total thickness of the formation west of the Kokcha river is about 
4000 m. Petrographically it is composed of fine biotite-garnet gneiss with 
markedly schistose, often zoned, banded or augen-banded texture. 

The name comes from the village of Qara Mughul, lying about 7 km 
south-west of Faydzabad. 
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FIELD OBSERVATIONS. — Crossing east to west the interval between the 
Faydzabad Gneiss and the Petwan Blastomylonite, from Kokcha to Ganda 
Chasma through Qara Mughul and Eran Shah, it is possible to hawe a clear 
picture of the repeated interposition with gradual passage among gneiss, 
amphibolite and marble bands, to which are joined granitic and pegmatitic 
concordant injections. The passage to Faydzabad Gneiss is marked by an 
amphibolite band to which pegmatite concordant veins and lenses are 
joined. 

After a narrow band with typical fine-grained biotitic garnetiferous 
dark coloured paragneiss with very regular, almost tabular schistosity (61 
AE.-1), a thick zone of marble and calcphyre up to 88 m thick is inserted. It 
continues as far as the north-western side of Faydzabad anticline with great- 
er thickness Then fine biotite paragneiss with rather monotonous facies 
(61 AE-3) and amphibolite with minor carbonatic intercalations begin to al- 
ternate. The alternance generally occurs on a vaste scale with bands up to 
400-800 m thick, but particularly at the contacts, there are metamorphic 
differentiations on a centimetre scale. 

From the intermediate zone westwards, that is from a line passing 
through Itarchi-i-Bala, west of Kuri, and Eran Shar, the gneiss presents 
strong mechanical deformations oriented in concordance with the regional 
tectonics and schistosity. Owing to this, thick blastomylonite bands, with 
evident derivation from the common facies of the Qara Mughul Gneiss, ap- 
pear (61 AE-13, -15). 

Northwards, Qara Mughul Gneiss is less and less frequent until it ap- 
pears in stripes and lenses into the huge amphibolite mass of Halga Jar and 
it totally disappears near Qas Darrah, 20 km north of Faydzabad. 

In the zone between Absiti and Turugh, 20-22 km from Qara Mughul, 
the proportion between gneiss and amphibolite lessens to 1:5. Crossing 
the Kokcha river, near Qara Quzi up to the Talbuzanak valley, it is noticea- 
ble a beatiful section of the tongue of Qara Mughul Gneiss, quite reaching 
the extinction zone. 

The Faydzabad Gneiss is overlaid by a pile over 100 m thick made up 
of marble and calephyre, followed by a very schistose biotitic gametiferous 
gneiss (61 AP-51), to places rich in quartz-feldspathic eyes and _ veins. 
Greenish-coloured layers and bands of marble and calcphyre are repeatedly 
inserted in the gneiss. These layers are more or less markedly zoned, full 


QARA MUGHUL GNEISS 173 


of scapolite, pyroxene, hornblende, titanite, and with quartz-feldspathic 
beds (61 AP-51). 

At the amphibolite contact, amphibolic, thickly zoned, very feldspa- 
thic gneiss (61 AP-52) substitutes the biotitic gneiss for some hundred of me- 
tres. The same amphibolic gneiss with metasomatic albitic additions, is 
present as partially digested relics in the Naghz Darrah Tonalite near Zya- 
rat-i-Kwaja pass, north of Talbuzanak. 


PETROGRAPHICAL FEATURES. — The most common facies of the Qara 
Mughul Gneiss is the medium or fine-grained partly augen biotite-garnet 
paragneiss with granolepidoblastic texture. Both of them are rich in quartz, 
with homogeneous composition of plagioclase that, quite everywhere, corre- 
sponds to andesine An-35; they have also many widely undulating biotite- 
lepidoblastic beds. Even if it has a good stability, garnet is generally in 
small granules split up along the schistosity planes. 

Macroscopically visible porphyroblasts are scantier and always in connec- 
tion with lenses and feldspar eyes of late growth. In this case they are pla- 
gioclase eyes with andesinic composition and more seldom of potash feld- 
spar. In such types there is often remobilization of quartz with recrystal- 
lization in stripes and concordant lenses. 

Amphibolic-biotitic gneiss has a homogeneous granoblastic texture where 
hornblende sub-idiomorph prisms isolatedly grow, sometimes along schisto- 
sity planes, and turn into biotite. The plagioclase of these gneisses is more 
calcic than the one of the biotitic-ganetiferous types, and presents an aver- 
age composition Anso-is, Some of them are interested by a late albitization. 


2.4. Halqa Jar Amphibolite. 


GENERAL FEaTuRES. — The Halqa Jar Amphibolite forms a now mas- 
sive, now stratified body, about 4000 m thick. 

It lies in concordance on Faydzabad Gneiss, substitutes the medium-up- 
per part of Rabat Gneiss and repeatedly alternates with Qara Mughul Gneiss, 
together with crystalline limestone lenses and layers. Amphibolite crops 
out on a wide area north, north-west and west of Faydzabad and is called 
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after the village of Halqa Jar situated on the left hand side of the Kokcha 
river, downstream from Faydzabad. 

On the northern side the amphibolite contacts the plutonic masses of 
Muzung and Naghz Darrah. The second of them mainly suffers consider- 
able endomorphism phenomena at its contact. 

Along the western margin the formation is sharply divided from the 
Kakan pluton by a thick band of mylonites connected with late movements 
of the Upper Amu Darya Depression. 

Massive, slightly schistous, medium or fine-grained amphibolite pre- 
vails. It has banal composition often with unhomogeneous distribution of 
the sialic beds. Sometimes there is zoned amphibolite, mainly in the bas- 
al part. 

In the amphibolite bands alternating with the Rabat Gneiss we can see 
zoned texture and mixture with carbonatic minerals together with cornu- 
bianitic structure. 


FieLp Osservations. — In the peripheral parts of Faydzabad Gneiss 
there are intercalations of thick and long amphibolite bands that are gener- 
ally joined to saccharoid marble and calcphyre with scapolite, cordierite, 
pistacite and titanite. They are particularly developed at the north-east 
margin of the migmatitic outcroppings, where a single amphibolite horizon 
is found stretching along 12 km from the Kokcha as far as the village of Pu- 
lar. Another thick band of amphibolite intercalations in Faydzabad Gneiss 
is south of the Kokcha, along the Spin Gaw valley. 

North-west of Faydzabad we can see that the same amphibolitic interca- 
lations continue in Qara Mughul Gneiss with slow and progressive transition 
to migmatites. Further away from the contact, the amphibolite bands 
thicken, becoming a mass devoid of stratiform orientation. These passages 
can easily be observed along the Zin Darrah valley, between the village of 
Cakole and the Kwaja pass. 

In the lowest part of the valley, upon a thick horizon of marble out- 
cropping round Cakolc, we see a thick interposition of fine paragneiss with 
biotite (61 AP-51), zoned amphibolic gneiss (61 AP-52), and fine-grained slight- 
ly schistous amphibolite (61 AP-53). Quartzous-feldspathic veins with 
amigdalar forms persist in the gneiss. In smaller there are layers of 
calcphyres with scapolite, clinozoisite, pyroxene and hornblende (61 AP-50). 
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Above the village of Talbuzanak only the more or less schistous amphibolite 
remains. They are sometimes epidotic with sialic beds and lenses with 
discontinuous and irregular trend. 

Near the pass and north-west of it, on the slopes overhanging the vil- 
lage of Kawoz, the amphibolite is intensely injected by quartzous-plagioclas- 
ic material (61 AP-64) connected with the tonalitic pluton of Naghz Dar- 
rah. In the tonalite too, there are half-digested inclusions of amphibolit- 
ic origin (61 AP-58/1). 

An analogous lithological sequence is noticed from Bozgeran towards 
the pass 2438 m high north of the village. Here too the amphibolite is pre- 
vailingly schistous, injected, and have a great variety of passages to amphi- 
bolic gneiss up to biotite amphibolite. There are also scattered intercalations 
of marble and calcphyre. 

At the contact between tonalite and gabbro of Muzung near Darel, 
there is the usual fine, slightly schistous amphibolite, now and then injected 
with sialic plagioclasic material (61 AP-113). The marble beds in the am- 
phibolite are evidently enriched in green contact minerals, among which 
there is pistacite and pargasite (61 AP-114). 

Downwards in the Peseyel valley there is again fine slightly zoned green- 
coloured amphibolite and forming the prevailing type in the amphibolic out- 
croppings in the middle of Naghz Darrah pluton. An analogous type of 
amphibolite is in the narrow bands toghether with gneiss and marble, near 
the contact with the tonalite upstream of Sela-i-Kalan (61 AP-127). 

Along the eastern margin of the pluton the widest outcrops, having 
the greatest homogeneity of facies in the amphibolitic formation, appear. 
Its complete section can be seen along the Langac valley, between the vil- 
lages of Deh-i-Tagab and Rangh Darrah. There are massive fine-grained, 
very compact, sometimes zoned, amphibolites (61 AP-133) that follow one 
another without noteworthy variations up to 1500 m thick. 

At the tonalite contact they show sialic nest-shaped injections, veins and 
lenses arranged in a little homogeneous way in the mass. The passage to Ra- 
bat Gneiss occurs with the presence of biotite, then muscovite and garnet 
(61 AP-134) at an interval of few tens of metres. 


PETROGRAPHICAL FEATURES. — The amphibolite of Halqa Jar formation 
essentially differs from the one intercalated in Faydzabad Gneiss on the 
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more acid character of plagioclase, the Jack in cornubianitic structures and 
the frequent presence of epidotes. 

The leucocrate gatherings are frequent: they are both conformable in 
bands, stripes and lenses and unconformable in heterogeneous spots and 
dapples, particularly at the contact with bodies of granitic rocks. The tex- 
ture of the most amphibolitic parts are lineated up to slightly schistose. 
Essential components are green hornblende and medium acid plagioclase 
that is always anhedral in comparison with amphibole, as quartz is an ad- 
ditional component often lacking. 

The two essential components in many cases divide in amphibolic and 
plagioclasic-amphibolic beds by turns, forming fine-zoned texture. Fre- 
quent minerals are, on the other hand, titanite, magnetite and _ ilmenite. 
Epidote has variable distribution; it often thickens at the contact with sia- 
lic bands in some amphibolites near the masses of granitic rocks. This 
epidote is generally made up of clinozoisite prisms, more seldom of zoisite 
and pistacite. 

Plagioclase generally has a composition of basic andesine An 40-48, more 
seldom of acid andesine with oligoclase-andesine, sometimes labradorite up 
to Ansc-ss, There are no different compositions between the plagioclase 
joined to hornblende and the ones of the leucocratic zones. The last have 
prevailing plagioclasic composition with heterogranular structure with some 
interstitial quartz at times. 

An increase on the plagioclase basicity is noticeable in the amphibolite 
with heterogeneous texture, where, near fine granoblastic zones, big horn- 
blende and labradorite idioblasts are intergrowing. There is labradoritic 
compositions in some plagioclasic bands with cornubianitic structure in- 
cluded in zoned amphibolite. Some of them show alternating feldspathic 
and actinolitic beds containing diopside at the contact with which epidote 
and zoisite prisms develop. 

Some actinolitic schists outcropping at Muzung Gabbro contact also be- 
long to Halqa Jar formation. They are characterized by a marked retro- 
grade metamorphism. They are prevailingly monomineral skarns with ac- 
tinolite in bundles of fibrous prisms ending with flames, where some of them 
increase as porphyroblasts often bound by a felt-shaped aggregate made up 
of often undistinguishable specimens. In some types epidote interstitial 
nest with micro-granoblastic structure appear. Other contact facies among 
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Muzung Gabbro and carbonatic bands in the amphibolite are represented by 
calcphyres with pistacite, pargasite and garnet. In the bands of calcphyres 
repeatedly included in the amphibolitic mass, even if far from magmatic mas- 
ses, the essential minerals are calcite and scapolite with smaller quantity of 
pyroxene, hornblende and titanite. The first two are often in monomineral 
beds or in beds with mutual mixture with granoblastic structure. Quartz- 
ous feldspathic beds with basic plagioclase up to labradorite Anoo-ss and so- 
metimes orthose, microcline and interstitial quartz alternate to these calc- 


phires. 


PETROGENETICAL ConsmERATIONS. — Halga Jar Amphibolite, in compar- 
ison with Rabat Gneiss and Qara Mughul Gneiss, is a product of isograde 
metamorphism, beginning with original materials with different composition. 
The evident lateral substitutions and the repeated intercalations of gneiss 
and amphibolite that on the ground allowed to formulate such hypothesis 
were already described. The prevailing mineral association is the follow- 
ing: hornblende-plagioclase-epidote (quartz) typical of the staurolite-quartz 
subfacies belonging to the almandine-amphibolite facies. 

Unlike the calcic plagioclase contained in the Faydzabad Gneiss, inter- 
mediate, namely andesinic terms, prevails in the amphibolite outcropping 
north and east of Kokcha. The coexistence of a medium plagioclase with 
epidote is peculiar of this sub-facies according with Fyre, Turner & 
VERHOOGEN (1958) and others. 

In the limestone intercalations there are the same associations des- 
cribed for the analogous types joined to Rabat Gneiss, and this confirms the 
isograde character of metamorphism acting on the two formations. 

On the nature of the rocks that gave rise to this thick amphibolitic se- 
ries, we can just set forth some hypotesis. 

First of all we can distinguish in the amphibolitic formation two zones 
with different characters of composition and lying; a southern and stratigra- 
phically inferior zone, with thick amphibolite, marble and biotitic paragneiss 
(Qara Mughul Gneiss) intercalations; a northern zone with massive amphiboli- 
tes seldom joined to marble lenses. 

In the first type there are the texture and composition unhomogeneity and 
the calcic character of the plagioclases already noticed in the amphibolite of 
Faydzabad Gneiss. The only difference with the last is the presence of epi- 
dote, because they belong to a zone of lower metamorphism. 
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According to Fyre, Turner and VERHOOGEN, epidote is unstable under 
the highest temperatures typical of the sillimanite-almandine sub-facies. For 
this type we would be inclined towards a sedimentary genesis starting from a 
pelitic-arenaceous series with marble-dolomite or tuff intercalations. 

As has already been said, in massive amphibolite the character of pla- 
gioclases is more acid andesinic or oligoclasic; quartz is absent. The massive 
lying is reflected on a great texture and composition homogeneity that is 
upset only by sialic intrusive masses. The equilibrium of the associated 
hornblende-epidote-plagioclase is unusually stable. 

Once stated the constant zonality in metamorphism, it seems rather diff- 
cult to think of a variation of facies in the original sedimentary series, such 
as to produce an extremely uniform product thousands of metres thick. 
On the contrary, we consider it possible that the massive amphibolite cor- 
responds to the metamorphic product of an igneous basic mass consolidat- 
ing in the sedimentary series itself, or of a volcanic basaltic apparatus from 
which perhaps the stratoid amphibolite of Qara Mughul zone would derive. 


2.5 Kurkhu Gneiss. 


GENERAL FEATURES. — Kurkhu Gneiss represents the most thick migma- 
titic formation in the region widely stretching along the Warduj and Zar- 
dew valleys and extending north-east as far as the Lake Shiwa zone. All to- 
gether it forms a band about 10 km large, grading west and north-west to 
Tarang Gneiss and Bakarak Granodiorite, while south-east it is covered by 
Rabat Gneiss. Its name comes from the village of Kurkhu, lying on the 
left hand bank of the Zardew river. 

There are augen or augen-banded gneisses with biotite, garnet and sil- 
limanite with palasome of sialic gneisses quite wholly reabsorbed in the lo- 
wer part of the series. In the upper part a thick banded texture is devel- 
oped. It is accentuated by the presence of prevailingly concordant veins 
with pegmatitic or granitic nature. Sometimes there are concordant hy- 
bridization zones of dioritic composition. 


FieLp OssERvATIONS. — The valley of the Kurkhu river, left tributary 
of the Zardew, crosses all the migmatitic formation that appears in mono- 
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cline series with variable trend from N 25° W to N 25° E, dipping W with 
strong inclination up to vertical. 

At the bottom of the valley, about 2000 m high, Tarang nebulites grade 
to rocks with more regular schistose orientation, where the spots with gra- 
nitic and granodioritic compositions are placed in bands concordant with 
the schistosity until it resembles orthogneisses with coarse-grained biotite 
(61 AP-95). To these type, bands of very sialic augen gneisses alternate. 
They have beds of biotitic gathering, and so thin and scattered to give the 
whole an intensely zoned and banded look. At the altitude of 2200 m there 
are augen migmatitic gneisses with biotite forming a monotonous facies 
prevailing up to about 2500 m. These gneisses have massive fine-grained 
compact, not very micaceous, very laminated and diaftoritic palasome with 
augen feldspathic porphyroblasts up to 2-3 cm large (61 AP-94). The me- 
dium and upper part of the series is characterized by migmatitic gneiss 
with sialic, pegmatitic or granitic veins, in a dark, grey-greenish matrix with 
garnet and partly cloritized sillimanite (61 AP-93). The contraposition be- 
tween metasoma and palasome is much marked also on the outcropping 
surfaces; from it a sequence of bands 1 to 10 cm thick come and the sialic 
ones often show much marked plastic involutions. 

Sometimes ibridation zones with dioritic composition are produced. 
They have dark mafic, schistose, ill digested spots. Towards the top from 
granular and massive the matrix becomes more and more schistose, very 
rich in biotite and garnet (61 AP-92). 

The sialic bands, formerly thickly placed bed to bed, now thin away 
and assume the shape of small dykes unconformable with the  schistosity. 
In palasome bands of dark grey fine-schistous biotitic-garnetiferous para- 
neiss are visible. So the formation slightly grades to Rabat Gneiss that sur- 
rounds with steep valls the whole head of Kurkhu valley as far as the peaks 
about 5000 m high of the Koh-i-Khus-Darrah. Even if in this zone also the 
Rabat Gneiss is migmatitic, it distinguish itself for the insertion of long and 
thick marble layers with amphibolic enrichments very similar to the ones 
described along the Kokcha valley. 


PETROGRAPHICAL FEATURES. — It is a considerably augen or augen-banded 
migmatitic gneiss with biotite, garnet and sillimanite, where the coexistence 
of a palasome of fine biotitic gneiss with a quartzous-feldspathic metasome, 
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is very evident. In palasome, in spite of the strong recrystallization paiti- 
cularly suffered by quartz, a pristine fine granolepidoblastic aggregate is re- 
cognizable. In it an intense feldspathic metablastesis occurred in biotitic, 
biotitic-garnetiferous or biotitic-garnetiferous-sillimanitic beds, lenses or 
crumpled bundles. Many feldspathic eyes increase in the rock more or less 
markedly, surrounded by a wrapper made up of the above mentioned meta- 
blastic crystals but also simply surrounded by a rim of microgranoblastic 
quartz with isolated biotitic tabular laminae, shaped to their borders. 

Sometimes the feldspathic eyes increase at the expenses of fine plagio- 
clasic aggregate forming palasoma. They are prevailing formed by oligo- 
clase rather limpid crystals with uniform composition Anzs-2x, with polysin- 
tethic diffused but not too evident twins, among which there are frequent- 
ly the Albite-Ala ones. Now and then they have a reaction border with al- 
bite composition. To a smaller extent the eyes are formed by glomero- 
blasts made up of polygonal crystals that partially interpenetrate, and of 
orthose, perthite and oligoclase with mirmekitic structures. 

The behaviour of quartz shows many deformations and blastesis phases. 
Besides the fine granoblastic quartz of palasome, there is cataclastic quartz 
with partial lense or stripe-shaped recrystallizations that are clearly includ- 
ed and corroded by the feldspars of neoformation. 

A later crystalloblastesis of quartz has limpid patches that in their turn 
corrode the feldspathic eyes and the gametiferous metablasts. In the 
meantime there is a partial recrystallization and increase of the biotite in 
tabular patches of big dimensions and in radial groups placed with more 
or less discordant lying with the lepidoblastic bundles and _ partially in- 
creased at the garnet and the sillimanite expenses. 

In some cases the deformation phase preceding the increase of feld- 
spathic porphyroblasts took the features of a real dynamometamorphism 
with lamination planes mainly along the micaceous beds and shearing pla- 
nes among quarzous blastomylonitic oriented bands. These actions seem 
to have occurred until the beginning of the feldspathization phase, the pro- 
ducts of which seem to be interested by clear paracrystalline deformations. 
In the same rocks, a total chloritization of biotite and a kaolinization of the 
feldspars of variable importance in the different zones appears. 


PETROGENETICAL CONSIDERATIONS, — Among the metamorphic forma- 
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tions of Central Badakhshan the Kurkhu Gneiss represents the greatest genet- 
ical complexity. First of all it is evident that it is a polymetamorphic 
product consisting in two phases of regional character at least, of which 
the most recent is joined to vast migmatization and granitic intrusion pro- 
cesses. 

According to SEDERHOLM’s terminology Kurkhu Gneiss corresponds to ar- 
terites provided with extraordinary rhythmic and intensity in the alternation 
of leucocratic, mesocratic and melanocratic veins and bands. Lense- 
shaped and augen expansions are joined to them together with differential 
mobilization phenomenon of the Jeuco and mesocratic ones in comparison 
with the beds of mafic minerals. 

These movements often occur as oblique shearing causing discordant 
folding that ends in agmatitic structures. So, the mineralogic composition 
that on metrical scale is homogeneous, on centimetral scale splits into mi- 
nor associations where iperalluminose metasedimentary zones, and other 
with granitic to granodioritic composition, enriched in Na, are recognizable. 
Also melanocratic-amphibolic or amphibolic-plagioclasic beds with more 
calcic plagioclase than in the country rock appear. Often all these elements 
base thenselves on an augen or banded augen mesocratic gneiss. 

Kurkhu Gneiss downwards grades to the granodioritic mass of Baharak 
through the nebulitic band of Tarang and is covered in concordance with Ra- 
bat Gneiss. Stratigraphically they have the same position of Faydzabad Gneiss. 
A metamorphic formation laterally equivalent to the metasedimentary se- 
ries of Faydzabad underwent a new metamorphism phase converging with 
rocks of granodioritic composition intruding in the overhanging ground, al- 
so with low metamorphism degree as the black slates. 

The gneiss of the old cycle suffered intense mechanical solicitations, par- 
tially developed along planes unconformable with the old schistosity sur- 
faces. In fact the new metablastesis structures were originated along mylo- 
nitic beds and bands often accompanied by a schistous reorientation of pa- 
lasome. 

The last migmatization processes seem to be overlying a metamorphic 
lesser degree, where the tectonic epidermal solicitations subsist. This also 
caused wide diaftoritic recrystallization processes and anomalous minera- 
logic associations. In the quartz-sillimanite-biotite association of palasome, 
calcic plagioclase is by degrees substituted by sodic terms, up to oligoclase. 
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The original amphibolic beds turn into biotitic-amphibolic or chloritic-bio- 
titic schists. 

After all, Kurkhu Gneiss must be considered as a thick band of metaso- 
matic transformations and of magmatic peripheral injections of Baharak 
pluton, that arose to medium or low metamorphism zone instead of as a pro- 
duct of progressive granitization of a regional high grade metamorphism. 


2.6 Tarang Gneiss. 


GENERAL Features. — Along the southern margin of the Baharak Gra- 
nodiorite mass, there are wide gneiss inclusions with nebulitic texture con- 
nected to one another by thin beds and schistous films. So there is a for- 
mation of nebulitic and anatexitic gneiss called Tarang Gneiss, after the 
name of the village on the left hand side of the Warduj valley. 

The lying of this formation is rather irregular and discontinuous as it 
clearly follows the structural and morphologic position of the granodioritic 


pluton, wrapping it at the base, and partially covering it on the eastern 
part. 


FIELD OBSERVATIONS. — In this zone Tarang Gneiss is, above all, at 
the foot of great walls of Koh-i-Hazar-Chasma along the Zardew valley pas- 
sing southwards into the Warduj valley as far as Chakaran. The anatexitic 
gneiss have a range of types from sialic to clearly more mafic beds and 
bands, with the composition of amphibolic gneiss. In the sialic contexture, 
granodiorite and microgranodiorite appear as dark nebulitic spots without 
clear limits. 
~The gneiss is migmatitic, and with plagioclase eyes irregularly placed 
(61 AP-158), sometimes rich in potash feldspar (61 AP-86). Now and then, 
in the Kurkhu valley mainly, there are migmatitic banded very sialic gneiss 
where neosome is made up of band and lenses with granodioritic compo- 
sition (61 AP-84), inserted bed to bed into dark bands of amphibolic gneiss 
(61 AP-85). 

Homogeneization zones are frequent, and generally microgranular, in 
them the rock has the composition of a leucogranodiorite (61 AP-87). They 
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are recognizable as dark-green spots with shading borders into the sialic 
gneiss contexture. 


PETROGRAPHICAL FEATURES. — Heterogeneous migmatite that is assential- 
ly made up of more or less nebulitic anatexite belong to this group. It 
pass to leucogranodiorite that is generally more basic than the one of Baha- 
rak and that enclose bands of amphibolic gneiss. 

Anatexite is rather sialic and has augen banded texture with potash- 
feldspar and plagioclase porphyroblasts plunged into a very quartzous ma- 
trix with scarce biotite. Plagioclase with more acid composition than the 
eyes in the Kurkhu Gneiss, corresponds to oligoclase An:s-1. Potash-feld- 
spar is given by orthose and is often antiperthitic. 

As in Kurkhu Gneiss at least two generations of quartz are recognizable. 
An older one in lenses and stripes made by intense cataclasis and subse- 
quent blastesis in clearly synkinematic conditions, and a later one with het- 
erogeneous granoblastic patches intensely corroding the feldspars. Biotite 
appears recrystallized but scarcely increased on pre-existent aggregates fi- 
brous and turbid-looking. Other types of gneiss, particularly diffused near 
the Baharak granodiorite contact, present big porphyroblasts and glomero- 
blasts of andesine up to 38% An, completely lacking in mechanical deforma- 
tions, with beautiful albite, albite-carlsbad and albite-pericline twins, 
plunged into a rather schistose contexture very rich in biotite and with 
quartz in strong paracrystalline deformations, partially relaid in fractures. 
In these types potash-feldspar is absent. 

After them there is frequently a very homogeneous gneiss with aplogra- 
nodioritic composition, but normally rich in quartz (more than 50% of the total 
composition), where plagioclase reaches an oligoclasic composition up to 
Anzs-x and potash-feldspar is subordinated to it. Quartz appears com- 
pletely recrystallized under strong paracrystalline deformations and gathered 
in patches of big dimentions, later than the crystallization of feldspars. At 
the end of this phase a sensible increase of biotite that reaches the 10% of 
the total composition occurred. 

In the leucogranodiorite included in form of spots into the migmatitic 
gneisses, we see a clearly more basic character of plagioclase that appears 
with oligoclasic-andesinic terms up to a content of 31% An. In concomitance 
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plenty of green hornblende joined to biotite appears, so that the quantity 
of mafic components grows up to more than 15%. 

In these rocks there is a complete recrystallization of quartz in microgra- 
noblastic form that quite wholly effaces the marks of an earlier cataclasis. Al- 
so plagioclases appear very fresh, with uniform composition and well signed 
borders, with frequent albite-ala twins, as we noticed in granodiorites of 
Baharak pluton. 

The amphibolic gneiss included in bands among the sialic gneiss and of- 
ten alternating bed to bed with them presents a certain structure affinity with 
the granodiorite, though it is clearly more basic. Plagioclase is an andesine 
with content up to 45% An that appears crystallized together with the ma- 
fic components, giving a granoblastic aggregate in which the schistose 
orientation is produced by the biotitic flakes. Quartz, in secondary quan- 
tity, is in roundish much corroded relics bearing the marks of earlier para- 
crystalline deformations. 


PETROGENETIC CONSIDERATIONS. — Tarang Gneiss does not form a ge- 
netically indipendent unit but it must be connected with cycles of metamor- 
phism and migmatization that originated Kurkhu Gneiss moreover, it forms 
the innest peripheral band, partly granitized of the granodioritic pluton of 
Baharak. Most of it must be considered as made up of nebulites, in which 
granitic or granodioritic elements widely develop without sharp limits with 
the host rock, but also agmatites with mafic schlieren and arterites with in- 
tensely crumpled bands appears. The host rock, though with gneissic tex- 
ture, acquired granitic composition, quite wholly quartz-feldspathic, with 
the micas that are sometimes completely readsorbed. The meso and mela- 
nocratic bands that in the Kurkhu Gneiss represented metasedimentary pala- 
somatic relics, here mostly have igneous, granodioritic character, or are rep- 
resented by rather homogeneous and slightly schistose amphibolic gneiss 
with andesinic plagioclase. It is rather difficult to state the original nature 
of the rocks that suffered granitization. 

According to experimental anatexis proofs, H. von PLATEN (1965) stated 
that in gneiss with excess aluminium, as Kurkhu Gneiss, containing biotite, 
sillimanite and quartz, the anatexic fusion gave birth to potash-feldspar and 
cordierite. The latter, under high pressure, is substituted by almandine. 


Neither cordierite, nor almandine were found in Tarang Gneiss. In the 
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same gneiss, moreover, the carbonatic intercalations that characterized 
Faydzabad Gneiss are absent. 


This cannot be explained with a complete dissociation of calcite and, 
even if the thermodynamic conditions of metamorphism were so high to 
allow it, the reaction products that would have derived between calcite and 
quartz, and between calcite and silicates, are lacking (N. L. Bowen & C. E. 
Trey, 1951). 

We can so conclude that Tarang Gneiss was originated by the partial 
recrystallization of a lithologic complex different from the one of Kurkhu 
Gneiss, forming the base of the last, and probably of the Faydzabad Gneiss. 
The petrologic data above discussed show that this original lithological com- 
plex, partially has the features of an igneous kalk-alkaline rather homogen- 
eous complex, that probably underwent an older metamorphic cycle. 


2.7. Black Slates. 


A thick series of dark-coloured arenaceous and clayey slates intercalated 
to the calcareous-dolomite formations, cross north-southwards all the eastern 
part of the surveyed region dividing the migmatitic zone of Baharak—Kur- 
khu—Lake Shiwa from the zone of Faydzabad. 

Tectonically it is a zone with synclinal trend, narrowing south of the 
Jurm valley, wider and more divided into imbricated flakes in the zone north 
of the Kokcha river. Along the western margin black slates contact the 
oldest calcareous-dolomite formations grading to Rabat Gneiss, probably of 
Lower Paleozoic age. 

In the central part, on the other hand, they are enclosed in the Wuran 
Shahr limestone of the Upper Jurassic, and the Kalawch limestone of the 
Upper Devonian. 

~ In the same zone a fossil flora belongs also to the black slates. It is 
of Upper Triassic age and was found in the first valley on the left side of the 
Darya-i-Kalawch, at an altitude of 2840 m above sea level. 

Eastwards, black slates are limited by the granodioritic mass of Baha- 

rak, exercising on them a strong thermic metamorphism. For this reason 
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the black slates may be composed by different formations inserted in differ- 
ent positions in the carbonatic Palaeo-Mesozoic series. Two formations of 
black slates at least should be represented: one of the Lower Palaeozoic 
(Silurian) lying on Sur Khan Limestone and on the Pa-in-Shahr Formation and 
having the highest thickness of the black slates, probably more than 1000 m 
thick, one of Triassic age, forming a band of lesser thickness enclosed in 
the central part of the flakes system. A further detail is difficult because of 
the complex tectonic situation of the zone. On the whole black slates are 
characterized by clayey and fine arenaceous slates more-or-less graphitic, 
dark grey to black coloured in relation to the grain and the graphite content 
and, generally, except some coarser arenaceous facies of a very clear schis- 
tosity. 

The mineralogic composition of these rocks is quartzous-sericitic-chlo- 
ritic with various relations between quartz and the other components. In 
the basal part, the amount of quartz increase and locally plagioclase also 
appears. So, it is possible to locate a horizon 150 m thick mainly formed 
by quartz and quartz-feldspathic metamorphic sandstone, light-grey to white- 
coloured, rather compact and in well distinct layers (61 AP-78, -149, -151). 
It is recognizable along the western margin of the black slates from Pa-in- 
Shahr as far as Koh-i-Sur Khan, that is as far as the spurs of the Darwar 
range. It appears again in the flakes zone around the Wuran Shahr pass 
and in the synclines with core of black slates developed on the left of the 
Shiwa river. It is a guide horizon that will be used to clarify the complex 
tectonic and stratigraphical relations among black slates and calcareous Me- 
sozoic and Palaeozoic formations in the region north of the Kokcha river. 
Another interesting lithogical motive is given by a puddingoid to conglo- 
meratic horizon inserted in the basal part of the black slates, between the 
calcareous-evaporitic formation of Pa-in-Shahr and the horizon of quartz- 
feldspathic sandstone and quartzite just described. Such a level can be 
followed along the bottom of the Pa-in-Shahr valley from 1770 m above sea 
level as far as the outskirts of village of Wurhel. It chiefly shows roundish 
and sometimes sub-angular elements of grey, yellow, and hazel-brown crys- 
tals plunging in abundant fine calcareous cement that is sometimes lamina- 
ted and with micaceous beds (61 AP-147). Among the coarse clastics, stra- 
toid films of greenish sandstone with prevailingly calcareous recrystallized 
cement and quartzous clastic are also inserted (61 AP-148). Both in these 
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arenaceous types and in the pelitic slates, the metamorphism degree is low 
and the transformations are essentially textural; the only minarelogic trans- 
formations noticeable consist of the recrystallization of white mica and of the 
neoformations of chlorite. For further information on the petrographical 
and petrological features of the black slates can be seen in the chapter on 
the Lake Shiwa region. 


2.8. Kaferan Marble. 


The Kaferan Marble is the deepest formation among the metamorphic 
calcareous formations of the studied area. It presents a monotonous suc- 
cession of well-bedded crystalline limestones, rich in white micas and some- 
what schistose at the base (61 AP-137, -138), In the middle and upper 
parts light coloured marble predominate (61 AP-140, -141). The contact 
with Rabat Gneiss seems to be stratigraphical and made up by some inter- 
layering without gradational lithotypes. The tectonic position corresponds 
to the core of narrow synclines in the Rabat Gneiss, oriented roughly north- 


south and steeply dipping. 


2.9. Sur Khan Limestone. 


This formations is constituted by grey and black limestones, somewhat 
dolomitic, conformably covering the Upper Devonian Kalawch limestone. 
The rock im mainly crystalline and detritic (61 AP-150, -156) especially in 
the upper levels, where it grades into the basal quartzitic horizon of the 
Black Slates. It lies in long and wide synclines trending north-south, and 
having the black slates at the core. The Sur Khan Limestone outcrops be- 
tween Wuran Shahr Pass and Shiwa valley. 
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3. COMPARISON OF THE METAMORPHIC UNITS WITH THOSE OF PAMIR. 


Vast magmatic and metamorphic complexes have been recorded in Pa- 
mir, but our knowledge of these is incomplete and does not enable a clear 
correlation with the analogous lithological units which outcrop in Badakh- 
shan to be made. Generally the high grade metamorphic rocks are mainly of 
Precambrian age. Precambrian metamorphic complexes have been descri- 
bed by Viasov & Gustovsxyr (1968) in the northern part of the Northern 
Pamir. The main lithotypes present are two micas gneiss and micaschist, 
frequently with garnets and staurolite, quartzite, phyllite, slate and marble. 
According to these authors there are four stratigraphically separate comple- 
xes with a total thickness of more than 10.500 m. However, BORSHITSKAYA 
previously considered them to form part of a single series. 


ARKHIPOV, LEonoy & Nikonov (1970) gave a general description also 
of the Precambian metamorphic rocks in Pamir as well as their extension in- 
to southern and south-eastem Badakhshan, where they underlay Ordovician 
sedimentary rocks with trilobites. Mesozoic metamorphic formations we- 
re, on the other hand, recorded by Leven (1960) in the Muskol complex, 
which occurs widely in Central Pamir. Leven maintains that the metamor- 
phism of this complex is strictly related to the magmatic activity of Late 
Cimmerian or Alpine age. In order to sustain this hypothesis the author 
presents numerous palaeontological proofs, especially for Triassic or Juras- 
sic in the metasediments which form the complex. The stratigraphic se- 
quence in the Muskol complex includes a thick series of schists and phyllites 
containing Late Triassic flora and these are followed by sandstone, conglo- 
merate and carbonaceous rocks, locally with dolerite lenses and marble 
with amphibolite, volcanics and conglomerate with Middle Jurassic coral 
debris. The sequence of marbles passes laterally into schists and gneisses 
with thick amphybolite intercalations. 

Palaeozoic metasediments are, however, present over wide areas in the 
Northern Pamir, according to Leven (1960). These are the Darvaz-Sarykol 
complex of Devonian age and the Ordovician Tuzguny-Tereksej complex. 
This latter consists of a thick complex sequence of phyllitic and arena- 
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ceous schists, siliceous schists, shales and marbles containing trilobite, bra- 
chiopod, crinoid and cystoid faunas. 

The Darvaz-Sarykol complex comprise a monotonous sequence of phy]l- 
lites, chloritic or quartz-chlorite micaschists, carbonaceous chloritic schists 
and quartzites. On this complex, referred to the Devonian on the presence 
of fragments of crinoids, there is a succession of coarse volcanic sediments 
with an estimated thickness of many thousands of metres. These are over- 
lain by a thick conglomeratic-arenaceous sequence with calcareous interca- 
lations of Carboniferous-Permian age. 

In Badakhshan also, to the east of the Petwan mylonite belt, it is possi- 
ble to recognise a close association between metamorphism and granitiza- 
tions as well as a clear relationship between the high grade metamorphic 
successions and the epimetamorphic sedimentary formations of Palaeozoic 
and Mesozoic age. The kinzigitic core of the Faydzabad gneiss reveals a 
bed by bed injection of sialic material which locally assumes a clearly gra- 
nitic composition. A vast mobilisation of sialic material appears in the 
overling amphibolitic Halga Jar series, concomitant with the emplacement 
of the Naghz Darrah Tonalite. This last intrusive event appears to have 
occurred at the same time as the metamorphic alteration of the volcanic-se- 
dimentary sequence from which the Halqa Jar Amphibolite originated. 
Further to the east, in the Warduj and Zardew valleys, the thick series of 
Kurkhu migmatitic gneiss is developed, which becomes progressively nebuli- 
tic and forms passage rocks to the Baharak Granodiorite on one hand, and to 
the Rabat biotite-garnet gneiss on the other. The Kurkhu migmatites, there- 
fore, appear to occupy a stratigraphic position equivalent to that of the me- 
tamorphic formations in the Faydzabad area outcropping further to the 
west. 

It should be noted also that in a large area to the north and north- 
west of Baharak, epimetamorphic sedimentary formations, ranging from De- 
vonian to Jurassic, are found. Among these, the black slates, in part at least 
of Neo-Triassic age, show clear discordant relationships with the intrusive 
Baharak granodiorite as Borpet & BouTieRE (1968) have also observed. 
Therefore it can be stated that, as observed by Leven in the Central Pa- 
mir, the metamorphic sequence of Central Badakhshan must be in great 
part related to the magmatic-metamorphic activity of Late Cimmerian or 
Alpine age which affected the Palaeozoic and Mesozoic sedimentary sequen- 
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ces. A part of this sequence escaped the intense alteration and this one 
outcrops north and north-west of Baharak. Here it is possible to recognise 
similarities between it and the Muskol complex in the Central Pamir. 

Both in Central Badakhshan as well as farther east around Lake Shiwa 
there is a more or less well defined metamorphic zone which passes from 
hornblende-granulite facies to green-schist facies within a small distance. 
This change of facies is occasionally masked by the development of con- 
tact metamorphic facies caused by post-Jurassic granite masses. The pic- 
ture is similar to that described by DavypEenxo (1966) for the Wakhan and 
Rushan metamorphic series in South-west Pamir. Among the sequences which 
indicate different facies successions in South-west Pamir there are many ba- 
sic horizons, rich in CaO, which on the whole resemble the metamorphic zo- 
nes revealed by basic horizons in the Faydzabad, Halqa Jar and Muzung 
formations. Certain similarities, moreover, can be seen among the Badakh- 
shan granodiorites formed by anatexis and those described by DavypEnxo 
in the Darsha area. 

The work by SHanin et al. (1969) has revealed important differences in 
the absolute age of minerals in the Wakhan metamorphic sequence of 
South-west Pamir. In particular, they obtained an age of 1750 M.Y. 
in the centre of large phlogopite laminae, while the margin showed an age 
at least 1000 M.Y. less. Ages ranging from 10 to 30 M.Y. were found in 
other phlogopite micas as well as biotite, potassic feldspars and amphiboles. 
According to these authors, these phenomena are the result of a general 
rejuvenation of the minerals containing K and Rb during the Neogene, 
when great vertical movements of the crust took place. Their original me- 
tamorphic state was acquired during the Proterozoic, as a result of migma- 
tisation and granitisation. 

The polymetamorphic character of many of the rocks of eastern Central 
Badakhshan, as indicated by petrographic evidence, is reinforced by the 
results given in the publication cited above although in the area studied the 
Alpine metamorphism clearly reveals dynamothermal characteristics, while 
a late synkinematic recrystallization similar to that postulated by Sranin et 
al., appears to be limited to the blastomylonitic belts located at the contact 
between Central Badakhshan and the Kataghan depression. 


C. PLUTONIC ROCKS 


1. INTRODUCTION. 


In this chapter are described the igneous rocks of the entire area map- 
ped, represented on the geological map attached and also the neighbouring 
area visited rather superficially. 

The rocks have been arranged according to lithologies, which are also 
the types which comprise the various igneous bodies outcropping in the stu- 
died area. In fact these bodies are very different from one another not 
only in petrogenetic process from which they have originated. 

The greater part of these igneous bodies are mainly sialic and the litho- 
logical types of which they are composed have been distinguished by the 
following names: 


1, Abu Abdal Granodiorite, 

2. Baharak Granodiorite, 

3. Naghz Darrah Tonalite, 

4. Jalmish Tonalite, 

5. Kakan Quartz Diorite. 
Among the igneous rocks, basic types are also represented, and the 

6. Muzung Gabbro belongs in this category which comprise gabbro 
with transitions to gabbro-diorite and variation to sialic rocks (Naghz Dar- 
rah Tonalite). 


It has already been stated that the lithological differences depend on 
the various types of petrogenetic process and age. It must be mentioned 
here that ages of the igneous rocks of Badakhshan have been determined not 
only by their stratigraphic position, but also by radioisotopic methods (Dr- 
sio, Toncrorncr & Ferrara, 1964). We will deal later with this subject. 
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2. DESCRIPTION OF THE ROCKS. 


2.1. Jalmish Tonalite. 


GENERAL FEATURES. — Jalmish pluton was observed on a distance of 

above 60 km at the south-eastern margin of the Upper Amu Darya Depres- 
sion in the form of a thick mass of granular acid or intermediate rocks, 
placed in concordance with the structural trend of the metamorphic core 
of Central Badakhshan. 
The eastern part of the mass forms high and massive reliefs with alpine 
morphology, formed by tonalite and quartz-plagioclasite with leucogabbric 
marginal facies, while in the core of the pluton, leucogranitic and aplogra- 
nodioritic types are prevailing. 

North-eastwards, on the other side of the Mashad valley, the pluton has 
narrow and elongated form, and is accompained by thick mylonite bands 
that, on the lying point of view, make it similar to the Kakan pluton. The 
rocks of this apophysis are made up of quartz diorite, amphibolic diorite 
and tonalite. 


FreLp OssErvaTions. — The most conspicuous part of the pluton seems to 
form the reliefs south of Kishem and east of Farkhar: rather big mountains, 
and with rough quite alpine morfology, in some places (Plate VI). 

Near this central part, the contact with the Farkhar Slate seems parti- 
cularly sharp, wihout marked metamorphic phenomena although it is evi- 
dent relation of intrusion between the pluton and the slates. The only injec- 
tion phenomena of sialic material in the slates were noticeable on the left 
side of the Mashad valley, near the Darrah-i-Shah-Baba bridge. The intru- 
sive material and the one forming the margin of the pluton itself appeared 
of the same nature, that is corresponding to a quartz-plagioclasite (61 AD- 
32). 

Further westwards, near Darrah-i-Jim and upstream of this village, mo- 
re mafic coarse-grained dark-green coloured facies corresponding to tonalite 
prevails (61 AE-45). Parts of them appear intensely altered and some- 
times gathered in narrow stripes with marked cataclastic and diaftoritic de- 
formations (61 AE-46). In the same zone fine-grained amphibolic leucogab- 
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bro bands are inserted and variously suffered diaftoritic modifications (61 
AE-47). 

Quartziferous diorite with biotite and hornblende, dark coloured, medi- 
um or coarse-grained tonalite analogous to the Darrah-i-Jim ones, form all 
the peripheral band of the western part of the pluton, from the apophysis 
cropping out south of Kalafghan as far as the isolated masses between the 
Farkhar Slates south of Astana Tepa as far the Khurmab valley (61 AE-73, 
-76,-84). To them, limited zones of microgranular aplogranodiorite with 
sometimes oriented texture (61 AE-83) seem more diffused in the innerst 
part of the mass. 

South of Kalafghan, the leucogabbric microgranular facies seen near 
Darrah-i-Jim reappear. Here they clearly seem to form marginal facies of 
the mass, with a thickness of 70 to 100 m (61 AE-72). There are again, 
to a lesser extent, the phenomena of diaftoritic alteration (61 AE-74). 

Penetrating the valleys deeply intersecting the pluton south-east of Ka- 
lafghan, near Zardaln Darrah, massive tonalite is also noticeable (61 AD-39, 
-47), forming isolated outcrops among the black slates (61 AD-46). Contin- 
uing through the Bula-i-Ailah valley there is a leucogranite with fine-grai- 
ned biotite (61 AD-41) analogous to the one noticed upstream of Kashan. 

North-eastwards, beyond the Moshad valley, the pluton suffers a mark- 
ed variation of composition and lying that, as we shall see further on, 
seems to be accompanied by a certain difference in the correspondent values 
of absolute age. The pluton takes a narrow and elongated form, that be- 
comes a band of a few hundreds of metres thick, between Halqa Jar Amphibo- 
lite eastward and Farkhar Slate westward. As this part of the intrusive 
mass appears at the margin of the surveyed area it seems possible that the 
dioritic band surveyed between the Farkhar Slate and the Halga Jar Am- 
phibolite near Sang Ab is only a great filonian apophysis of the mass itself, 
that developed further eastwards. 

The same Sang Ab aphophysis is accompanied by a thick mylonitic 
band, the lithologic types of which will be described in a following chapter. 
The granular rocks prevailing consist of a fine-grained very sialic tonalite 
with biotite (61 AE-57) that peripherally passes to more mafic facies up to 
diorite rich in amphibole and with more marked and homogeneous grain (61 
AE-58). The same dioritic type appears in form of filonian apophysis in the 
amphibolites south-east of Sang Ab. 
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In the northern part of the apophysis east of Kangurchi the tonalitic types 
seem to prevail though they are transformed by diaftoresis process (61 AE- 
64). The same fact occurs along the pluton and mainly round Kwaja Af.- 
ghani and Tutak, where the tonalite has very marked grain increase in pla- 
gioclase and decrease the amphibole content until it disappears (61 AE-43). 


PETROGRAPHICAL FEeaturES. — The most diffused rock in the central part 
of the pluton, corresponding to the south-western portion of the surveyed 
area is a coarse-grained hornblende tonalite with marked ipidiomorph gran- 
ular texture and a biotite quartz diorite. 

The prevailing petrographical feature is given by the abundant plagio- 
clase, up to more than 60% in the total composition, given by an intensely 
zoned type changing composition from 50-52% from the central to the peri- 
pheral parts. 

The central parts of andesinic or labradoritic composition seem to be 
very extended if compared to the peripheral rings with quickly decreasing 
content of An. 

The cores generally appear very alterated, on the other hand the periph- 
eral parts are progressively more limpid. Among cores and peripheral parts 
there is not, however, such a difference to suggest a continuity in the crys- 
tallization of the isomorph mixtures, as we can see in the most acid facies 
belonging to the north-eastern apophysis of the pluton. The texture of the 
rock is dominated by the idiomorphism and by the great size of the plagio- 
clasic prisms, with the clearly anhedral interstitial filling of quartz and 
potash feldspar. Analogous result is given by the hornblende prisms, often 
in poikilitic concretions with labradoritic not geminated plagioclase and 
with biotite; both of them are euhedral and often very developed. Biotite 
also develops alone in chaotic lamellar groups, full in magnetitic interla- 
mellar segregations. The amount of mafic components is about 15 to 20%. 

In tonalite poor in hornblende and in quartziferous diorite the quantita- 
tive composition of the sialic minerals is mostly unchanged while biotite alone 
can reach the 20% of the whole composition. Plagioclase is andesinic or 
labradoritic with a maximum content An 55%. The zoning of plagioclase is 
much less marked than in the types just described and the peripheral oligo- 
clasic rim very seldom appears. 


On the other hand, there is a heterogenous composition causing spot- 
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ted very marked structures where, anyway, there is a variation of An content 
not above 10%. Here too the twinnings, that are generally complex, are 
very developed. The distribution of plagioclases is rather heterogeneous; 
besides the isolated prismatic fenocrystals there are small specimens with uni- 
tary composition, that are generally intertwisted or quite blastically superim- 
posed. Also quartz is differentiated from the feldspathic groups in form of 
wide, often optically unitary areas, sometimes in form of ondulating extinc- 
tion and recrystallized at the borders in thin microgranoblastic rows. An- 
alogous paracrystalline deformations are noticed in biotite with large poikili- 
tic laminae with intense red-brown colour. To these types we must add 
some peripheral leucogabbric facies having the highest basicity both in pla- 
gioclase composition, reaching the 58-60% An, and in the quite total lack of 
quartz. 

The coloured minerals, comprising chlorite of late genesis in some ca- 
ses reach the 80% of the total composition. The structure of these rocks is 
characterized by the prismatic stripe-shaped aspect of plagioclase placed al- 
so in fluidal orientation and including anehdral granules of hornblende. 

A group of rather anomalous types is given by rocks of the aplit-grani- 
tic family, among which there are aplogranodiorites and leucogranites essen- 
tially made up or plagioclase, quartz and potash-feldspar, with a very reduced 
percentage in mafic elements among which are biotite and, very seldom, 
hornblende. In them plagioclase has the same high content in An formerly 
noticed in the dioritic types, that is andesine up to labradorite An 52%. The 
zoning phenomena of plagioclases appear very marked. 

The calcic core has very developed geminations and is also accompa- 
nied by intense alterations with sericitic products or of incipient saussuritiza- 
tion, chiefly proceding along fracture planes. The peripheral part, with al- 
bitic to oligoclase composition, is generally limpid and lacking in gemina- 
tions. Sometimes rings with decreasing content in An interpose; at times 
the passage is sharp and sodic plagioclase develops independently from the 
core, following a new crystallographic orientation. 


PETROGENETICAL ConsmeErRaATions. — Jalmish pluton can be considered 
the product of magmatic late-Hercynian injections, placed along important 
lines of crustal weakness. The essential feature of the mass is the great va- 
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riety of mineralogic composition having repercussion in a genesis rather pro- 
tracted, as the data of absolute age show. 

To the genesis of the pluton a series of following magmatic injections 
that complexively changed in acid sense, contributed. In spite of the lack 
of data for a sure and detailed reconstruction, we can suggest the following 
evolutive sequence: tonalite with leucogabbric differentiates, quartz-plagio- 
clasite and quartz diorite, aplogranodiorite, leucogranite. 

As already observed, the common feature of a great number of these 
petrographical types is given by the very zoned structure of the plagiocla- 
ses keeping a very calcic core, up to above 50% An, also the most acid fa- 
cies, 

A discontinuity between core and rim of these crystals has often 
been observed, as to suggest a long permanence of the calcic portions in a 
silicate bath with strong alkali tendence. It is probable that the original 
magma had tonalitic composition and that, in a very long intrusion period, 
an essentially plagioclasic crystalline phase was separated. Through subse- 
quent reactivation movements of the crustal slots sheltering the intrusion, 
the residual liquids with granitic composition were ejected. They inclu- 
ded the solid plagioclasic phase and variable quantities of iron-magnesium 
minerals. With a series of subsequent differentiations a magma with leu- 
cogranitic composition appears. In it the calcic cores of plagioclases are 
partially readsorbed, while on them the following coverings, with albitic 
or oligoclasic composition, increase also with independent crystallographic 
orientation. 

During the latest intrusion the already solid crystals were partially de- 
formed and fractured; as recognizable in the Jeucogranitic facies chiefly. 

As to the quartz dioritic mass of Kakan, it must be considered genet- 
ically bount to the Jalmish pluton, but although it was described before, 
the relation on the ground between the two masses was not explained. The 
Alpine age deduced from the measure of absolute age of Kakan rocks is 
probably to ascribe to the cataclastic and dynamometamorphic modifications 


suffered by the last with the late dipping of the Upper Amu Darya Depres- 
sion. 
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2.2. Kakan Quartz Diorite. 


GENERAL FEatuRES. — It is an intrusive body lying between the Hal- 
qa Jar Amphibolite and the Farkhar Slates, cut by the Kokcha valley near 
the village of Kakan. 

It is composed of quartz-plagioclasite with a little biotite and hornblen- 
de, affected at different degrees by cataclasis phenomena. The latter partic- 
ularly developed along the eastern border of the mass, where there is a 
blastomylonitic zone up to 3 km thick. Some mylonitic lenses also 
exist in the central part of the pluton near Argqa Qeshlaq. Farkhar Slates 
form the partially conserved roof of the intrusive mass; the contact is rather 
sharp and with moderate effects of thermal metamorphism. 


FieLp Osservations. — The direction of the intrusive mass and its re- 
lationship with the Jalmish Tonalite are continuous; but there are also 
reasons suggesting the distinction of two masses also in the geological map. 

First of all, the marked mechanical deformations with consequent min- 
eralogic transformations undergone by Kakan diorite, do not allow a sure 
petrographic diagnosis, therefore it is difficult to compare them with Jal- 
mish Tonalite. Then the two intrusive masses are divided by thick eolic de- 
posits and by the Tertialry sediments of the Kokcha Formation extended 
eastward along a depression in concomitance with the present valleys of Ha- 
zara and Darayem. The measures of absolute age, moreover, while for 
Jalmish pluton are about 190 and 220 M.Y., in Kakan Quartz Diorite fall to 
12 M.Y. (Desio, Ferrara & Toncrorct, 1964). 

The phenomenon could be ascribed to the late dynamometamorphic 
transformations suffered by the measured minerals, but it is not possible to 
deny a later age of the whole mass or of a part of it to a rejuvenation in Al- 
pine phase. 

Kakan pluton is deeply eroded only in correspondence with the Kok- 
cha valley as elsewhere its cortical part crops out with large parts of the 
roof of black slates still conserved in correspondence with synclinal-shaped 
depression. The lithological type is given by quartz-plagioclasite with bio- 
tite and fine or medium-grained rather homogeneous hornblende affected 
everywhere, even if on different way, by strong cataclasis and alteration. 
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The latter essentially come into evidence with saussuritization and chloriti- 
zation of biotite and give the rock a diffused white-greenish colour (61 AD- 
X, 6] AE-35, -37, -38). 


PETROGRAPHICAL FEatTurES. — All the samples studied are character- 
ized by intense mechanical deformations, by saussuritizations, transforma- 
tions of the amphibole into biotite and consequent extended chloritization 
of this last. The original composition can be considered that of a quartz- 
plagioclasite with biotite and hornblende, with very abundant plagioclase 
and calcic core surrounded by a thin albitic oligoclasic rim. This last fea- 
ture is similar to the one of Jalmish Tonalite even if, owing to the quite 
total saussuritisation of the plagioclases, it is not possible to value the limits 
of variability of the zoned crystals exactly. Near plagioclases there are po- 
tash-feldspar specimens, not more diffused than 2-3%. 

Quartz is, on the other hand, abundant, about the 30% of the total com- 
position, and placed in levels that are optically unitary with extremely un- 
dulating composition and with sharp limits, sometimes recrystallized in 
nests or microgranoblastic veins. So, the granular ipidiomorph structure 
is rather marked, because the feldspathic crystals, even if intensely altered, 
keep idiomorph prismatic borders, mainly where the albitic oligoclase mar- 
gin is better developed. 

The mafic components are, on the other hand, intensely deformed and 
dismembered, chiefly where they are more thickly included in the quartzous 
levels. Generally the contacts among quartz and the mafic components are 
given by shearing surfaces with a certain continuity and _ iso-orientation. 
Where they are more intense, the rock gradually looks like a cataclasite with 
oriented texture or, where a certain blastesis occurs, it becomes a blasto- 
mylonite with a gneissic appearance. 


2.3. Naghz Darrah Tonalite. 


GENERAL FEATURES. — The Naghz Darrah Tonalite constitutes a cir- 
cumscribed quite round-shaped pluton wrapped by Halga Jar Amphibolite 
and grading northwards to the more mafic facies of Muzung. In the cen- 
tral part, the pluton has a depression in which a conspicuous part of the am- 
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phibolite roof remained. It is crossed by a thick dyke system of pegma- 
tite, granite and tonalite. The dyke suite widely develops also on the 
western side of the pluton; along the contact with the amphibolites. 

The rock forming the pluton has variable composition from tonalitic to 
leuco-quartz-dioritic to leucogranitic. 


Fietp Osservations, — The highest part of the pluton lies up from 
the villages of Kalan, Sela-i-Khurd and Sela-i-Kalan. It has the shape of a 
massive relief ending in a ridge with E-W trend about 3000 m above sea 
level. The rock is a massive medium to coarse-grained tonalite with bio- 
titic very developed flakes (61 AP-120, -121, -128). 

This facies is uniform as far as the northern border of the mass where 
there is a transition to Muzung Gabbro. The southern part of the pluton 
itself has more complex and changeable facies and also a greater develop- 
ment of the dyke suite abundantly intruding into the body of the pluton. 
The south-west position of it has been studied along the path leading to the 
Zyarat-i-Kwaja pass, from the village of Talbuzanak. Here the principal 
magmatic mass is given by a medium-grained, green-grey coloured tonalite 
with garnet and epidote, and with sligtly oriented texture (61 AP-56). On 
it slots with north-east trend are noticeableffi they have dyke filling of 
quartziferous microgranodiorite with garnet and epidote (61 AP-58/I). 
On the described mass a system of later dykes about 5-7° wih E-W direc- 
tion comes into evidence. A first generation of thin and tabular micro- 
pegmatitic quartzous-plagioclasic dykes, with muscovite and garnet, interse- 
cated by thicker pegmatitic dykes, grading to normal granular facies is re- 
cognizable. The pegmatite contains microcline, garnet and irregular biotitic 
nests (61 AP-61). The granular rocks correspond to medium-grained tona- 
lite with two micas, and slightly oriented texture, containing as additional 
elements garnet and epidote (61 AP-62). At the contact the amphibolite is 
intensely injected by quartzous-feldspatic veins (61 AP-64). 

In some regions, mainly between Du Abi Yaftal and Darel and near the 
village of Langar, the amphibolite is wrapped in the granite in the shape of 
stratoid incluses that are particularly dark and thick, fine-grained with zoned 
texture and penetration of sialic material bed to bed. 

Along the northern slope of the pass there are wide pegmatitic levels 
that seem to be contemporary with the principal tonalitic body (61 AP-65). 
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East of this zone, along the Darrah-i-Paseyel valley, the pluton is cros- 
sed by an amphibolitic band with intense filonian pegmatitic and microdio- 
ritic manifestations, beyond which the massive coarse-grained tonalite anal- 
ogous to the one of the northern ridge crops out. 

In the Palang Darrah valley we can see that these rocks contain stra- 
toid bands up to 10 m thick of massive amphibolite (61 AP-131). At the 
south-east end of the pluton round the village of Bazgeran, amphibolite is 
crossed by thick dykes of pegmatite. 


PETROGRAPHICAL FEATURES. — The tonalitic mass of Naghz Darrah pre- 
sents a rather complex composition both for the inner unhomogeneity, cau- 
sed by digestion of country rock, and for the rich mainly pegmatitic filonian 
content. 

The type representing the most common facies, mainly in the central 
less contaminated parts of the mass, corresponds to a medium-grained tona- 
lite, and the mafic components with large size. The rock is composed 
of plagioclase (61-58%), quartz (20-25%) and mafic components (15-20%) 
among which biotite is prevailing over hornblende. The granular ip- 
idiomorph structure is dominated by the idiomorphism of plagioclase prisms 
with andesine basic composition Anss-17, with developed complex and wid- 
ely zoned twinning. Quartz appears at first deformed in paracrystalli- 
ne phase, then partially recrystallized in microgranoblastic nests and veins. 
Biotite is partly primary, partly derives the transformation from homblen- 
de, partly from the alteration of plagioclase, probably during the phase of 
mechanical transformation suffered by the rock. 

The principal variation of these tonalitic types, recognizable on vast 
scale, is given by a diorite with analogous composition in which garnet and 
epidote appear up to the 8% on the total composition. Without change in 
the percentage of the other components, there is a structural variation, that 
is a general xenomorphism. Garnets and epidotes appear in prismatic gran- 
ules rather dismembered but usually fresh, always associated with one 
another and mingled with the other mafic minerals, biotite, hornblende and 
titanite. 

Some microdiorite facies representing the oldest filonian products in- 
cluded in the mass of epidotic-garnetiferous diorite have mineralogic com- 
position analogous to the one of a true diorite. Markedly more acid dif- 


MUZUNG GABBRO 201 


ferentiations were recognized in the central and oriental part of the mass, 
where types in which potash feldspar is quantitatively equal to plagioclase 
(leucogranite) and quartz-dioritic types where plagioclase is as abundant as 
in the tonalite, but with more sialic composition (oligoclasic in association 
with a little microcline) appear. 

The pegmatites crossing the Naghz Darrah mass in different phases re- 
flect the dioritic character of the activity to which they are joined, but with 
a clear distinction in two types; a pegmatite rich in quartz and albite-oligo- 
clase plagioclase with local late introduction of potash-feldspar; a garnetife- 
rous pegmatite with smaller quantity of quartz, slightly more basic plagio- 
clase and quartz in the normal crystallization order, without reciprocal con- 
cretions and with euhedral coarse-grained structure without excess unho- 
mogeneity. Plagioclase is sometimes slightly zoned and formed in synkine- 
matic conditions. Afterwards other deformations interested the rock, act- 
ing as intrusion way to alkali-potash solutions from which microcline crys- 
tals in fractures, and partial substitutions of muscovite on plagioclase were 
originated. 

In the garnetiferous pegmatite, a more complex genesis can be seen. 
The crystallization begins with microgranular euhedral and graphic quartz- 
ous-plagioclasic intergrowings with scarce microcline followed by the compo- 
nents of pegmatitic size. 


2.4. Muzung Gabbro. 


GENERAL FEATURES. — It is a considerable mass of gabbroidic rocks 
cropping out north of the tonalite pluton of Naghz Darrah, at the north- 
ern margin of the surveyed area. Diorite and gabbro seem to be the pro- 
ducts of the same magmatic cycle with some transitional gabbro-dioritic fa- 
cies present at the borders chiefly. Some large gabbro-dioritic lenses ap- 
pear farther southwards, isolated in Halgqa Jar Amphibolite. 

On the whole, the gabbric mass appears to be composed of bands of 
different composition oriented sub-parallel to the margins. The gabbro 
shows passages to amphibolic gabbro at the contact with which there are 
also lenticular patches of crystalline limestone. 
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The name of the pluton comes from the village of Muzung lying about 
21 km north of Faydzabad. 


Fietp OsservaTions, — As has already been said, the northern part of 
the Naghz Darrah pluton shows a quick passage to more basic types, with 
very changeable petrographical features, reflecting the unhomogeneities of 
pre-existing assimilated rocks. The facies made in this way, extend on a 
wider surface that the ones of the pluton itself, but not exactly measurable, 
because it is partially beyond the surveyed area. 

The most diffused type is a gabbro rich in clyno-pyroxene (61 AP-115) 
grading to a medium-grained amphibolic gabbro, with slightly oriented tex- 
ture (61 AP-116). In these rocks there are bands of dolomitic saccharoid 
white marble (61 AP-117 a) with prevailing E-W direction particularly de- 
veloped round the village of Ert. 

Here and there is a thick mingling of calcareous and amphibolic beds 
forming clearly schistose fine-grained, emerald green-coloured rocks (61 AP- 
119). At the contact with these calcareous relics the gabbric rocks increase 
in amphiboles assuming an intense green colour and a greater schistose 
orientation. Often there is an irregular distribution of the sialic com- 
ponents gathering in fading veins and trails (61 AP-118). 

In the mountains north of Ert among the granular rocks the diallage 
gabbro is prevailing. It have interpositions of thick amphibolitic bands, 
analogous to the ones above described, and other interpositions of 
massive fine-grained thick and heavy grey-green-coloured olivine gabbro (61 
AP-117). These type seem to prevail in the central part of the mass, 
beyond the northern limit of the surveyed zone. At the south-eastern 
margin of the mass, that is north-east of Sela-i-Kalan, some big gabbro-diori- 
tic lenses appear isolated in Halqa Jar Amphibolite. They are mainly 
transformed by a low degree metamorphism into rocks with actinolite and 
epidote keeping the original massive texture, that are sometimes talcose, 
sometimes with incipient serpentinization (61 AP-123, -124). 

Another big amphibolic gabbro lense appears south of Naghz Darrah, 
near the village of Bazgeran. It is grading to biotitic-amphibolic gneiss 
and gneiss with relics of white saccharoid marble. 


PETROGRAPHICAL Features. — The prevailing petrographical type is 
represented by a medium-grained diallage-gabbro with ipidiomorph granu- 
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lar structure, quite entirely made up with plagioclase and monocline pyro- 
xene, with a high percentage of alteration products of the pyroxenes. Pla- 
gioclase is made up of labradorite 56-60% An in thickly compenetrating crys- 
tals partially developed on cleavage faces that have marked polysynthetic 
geminations, generally with unitary compositions, sometimes with slightly 
more calcic cores. This plagioclasic aggregate includes pyroxene prisms 
strongly corresponding with diallage markedly corroded and uralitized both 
inside and outside. 

This transformation is accompanied with the segregation of magnetite 
sometimes substituting entire crystals, assuming roundish or lobed shape, 
round which an uralitic rim of microfibrous actinolite grown in normal di- 
rection with the border of the magnetic granule remains. 

In some samples olivine is added to piroxenes, in a quantity up to 10% 
of the total composition, while the labradorite content is about 40%. In 
them pyroxene is generally formed by augite prisms with brown-rose co- 
lour, where the uralitization is less developed than in the mentioned types. 
The magnetitic segregations are, on the contrary, equally developed both 
inside pyroxene crystals, in form of clots and nodules, and in interstitial po- 
sition between them and the plagioclasic aggregate; in this case they are 
surrounded by a microfibrous rim of uncertain determination, but probably 
amphibolic. Olivine has a border made of marked crowns of fibrous actin- 
olite, mainly developed at the contact with feldspathic specimens. A 
marked clastesis with clearly postcrystalline origin is developed on both 
types of gabbros. 

In correspondence with intercalations of marble beds in the gabbro, 
this latter assumes an amphibolic facies where porphyroblastic crystals made 
of green hornblende are recognizable. They are totally substituted by 
actinolitic felts with beginning of subsequent serpentinization. The plagio- 
clase of these rocks are totally transformed into a saussuritic aggregate in 
which needles and fibrous bundles of actinolitic amphibole mingle. 

To these metamorphic transformations, also a partially schistose tex- 
ture is joined and reaches the contact zone with the marble. The contact is 
often accopanied with bands of skarn prevailingly made up of amphibole, 
pyroxene, calcite and titanite with chlorite and antigorite as secondary min- 
erals. The marble is markedly saccharoid and pure, with scarce granules 
of titanite and scapolite. 
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2.5. Petrogenetic Considerations on the Plutonic Bodies of Muzung and 
Naghz Darrah. 


As has been above described, the igneous rocks of Muzung and Naghz 
Darrah, can be considered as different facies of a single igneous mass, 
placed into the amphibolitic formation of Halga Jar. 

A continuous change of composition can be seen from the mafic to the 
sialic types, grading from gabbro to tonalite, to quartz diorite, to leucogra- 
nite accompanied by different pegmatitic phases. Into the gabbric mass 
synthexis phenomena are noticeable. They are caused by the assimilation of 
calcareous dolomitic rocks. Such transformations are particularly evident in 
the zone of Ert, where amphibolic-pyroxenic calcphyres develop round the 
carbonatic relics while the gabbric mass enriches in amphibole, assuming 
somewhere a very marked grain. No contact phenomena occur between gab- 
bro and amphibolite, and neither between gabbro and biotitic gneiss. On 
the other hand, wide synthexis processes are noticeable along the contact 
zone between Naghz Darrah Tonalite and the amphibolite. The peripheral 
quartz-dioritic band with garnet and epidote, described near Zyarat-i-Kwa- 
ja, derives its anomalous mineralogic composition from the assimilation of 
amphibolitic rocks. Semidigested inclusions with amphibolic nature are pre- 
sent along the southern front of the tonalitic mass and inside it in the Lan- 
gar zone. Transformations ascribable to the regional metamorphism are not 
particularly marked and become more and more intense from west to east. 

The conditions of high-grade metamorphism that gave rise to the 
nearby Faydzabad Gneiss are lacking together with the ones typical 
of the amphibolic country rock. On the contrary, there are epimetamor- 
phic modifications, mainly at the eastern margin of the mass, characterized 
by schistous orientations of some contact surfaces, by more or less complete 
transformations of pyroxene into amphibole and by formation of serpentine. 

This facies is typical and belongs to the green schists, where, coming 
from rocks with low silica content, serpentine forms a stable phase near ac- 
tinolite and epidote, as we can notice in the lenses of actinolitic schists de- 

scribed in the zone upstream of Sela-i-Kalan. 

According to these considerations we can argue that the gabbro-dio- 
ritic mass had magmatic origin and was intruded in a partially unconfor- 
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mable form, under conditions of tectonic stability, into Halqa Jar amphibo- 
litic formation. Subsequently the plutonic mass was interested by green 
schist metamorphism of Alpine age. Magma suffered a certain metamorphic 
differentiation with fractional crystallization to which a series of continuous 
reactions of plagioclase from labradorite to albite-oligoclase and of discontin- 
uous olivine-clynopyroxene-amphibole reactions corresponds. 

The mafic portion intruded into the central part is widely including the 
country rocks. To these sintexis phenomena the structure in bands of 
different composition of Muzung gabbric mass is related. Once stated that 
the quartz-dioritic facies of the southern margin are caused by assimilation 
phenomena of amphibolite, the original facies is represented by tonalite, at 
the northern margin of the mass, and by filonian leucogranitic to pegmatitic 
facies in the central part. To the later ones the introduction of alkali patches 
with potassic character was joined. They probably corresponds to the 
final remainder of the crystallization and are explanable as autometasoma- 
tism phenomena. 


2.6. Baharak Granodiorite 


GENERAL FEaTURES. — Baharak Granodiorite crops out north-east of 
the village of Baharak in the form of a wide mass of acid granular rocks 
belonging to the aplitgranitic family. It is characterized by a sharp contact 
with the black slates westwards and by the development of thick migmatitic 
series eastwards. 

Most of the mass consists of two micas bearing quartz plagioclasite and 
by leucogranite; at the contact with the black slates, porphyroid facies with 
prevailing leucogranitic composition are developed. 

South of the Kokcha river, the mass grades into a very leucocrate apo- 
physis mainly made up of aplite and aplitic granite. 


FieELD OssEervaTions. — The wide fluvio-glacial valley of Baharak is 
closed at the east end by a rough range of granitic rocks up to 4200 m above 
sea level in Koh-i-Hazar-Chashma. It forms the core of the migmatitic zone 
extended between the Warduj and the Zardew valleys, stretching north-east 
as far as Lake Shiwa zone. 
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As described in a preliminary note (Desio, Martina & Pasgquaré, 
1964), the plutonic mass is characterized by a sharp contact affected by ther- 
mic metamorphism with the black slates on the western side, and by a wide 
migmatitic band along the eastern one. North of the Zardew river, the in- 
trusive mass has the shape of a wide pluton with a well preserved vault, 
mainly on the western side, where it slowly dips under the black slates roof. 
On the opposite side, along the Zaidew valley, high steep walls, with sharp 
peaks and ridges, mark the contact of the intrusive mass with its migmatitic 
mantle very bare. Where it is crossed by the Zardew, near Malang Ab, 
the body of the pluton thins to become 2-3 km large, progressively lessening 
southward in form of a narrow apophysis and ending on the left side of the 
Wardyj valley. In this zone is substituted, on the western side, by a wi- 
der facies of gneissic deformation in which the marks of the original intru- 
sive structure are very evident. 

The rock of the axial part of the pluton is made up of a massive, fine- 
grained, quartziferous two micas plagioclasite (61 AP-67), that is light 
and homogeneous coloured, associated to massive, fine-grained, more acid 
masses, corresponding to leucogranite (61 AP-157), 

It prevails with constant composition along all the ridge of Koh-i-Hazar 
Chashma, along the Koh-i-Yabad Darrah peaks, falling perpendicularly to 
the Zardew valley and to the Gulestan valley, that deeply cuts the pluton 
on its north-western side. 

In different parts, proceeding towards the black slates contact, it is no- 
ticeable a marked transition to porphyric types. At first it occurs with 
feldspathic rather corroded phenocrystals, then with big euhedral prisms up 
to many centimetres in size. The prevailing composition is that of leucogra- 
nite with biotite (61 AP-68). In the magmatic mass there are also semi-di- 
gested inclusions of blackish or grey-green coloured arenaceous schists, some 
times filled with feldspathic phenocrystals of neoformation, belonging to 
the black slates that form the roof of the pluton. Along a band some tens 
of metres thick, at the contact with the pluton, these turn them into very 
hard, splintery, iron-grey coloured cornubianite with cordierite and andalu- 
site (61 AP-69). Upstream from Malang Ab, in the Wakh Sir valley, the in- 
trusive mass largely undergoes an intense cataclasis from which laminated 
products, green-coloured for the presence of chlorite and attinote, derive. 
Wide parts of the rock are reduced to very hard, splintery, whitish, slightly 
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translucid granitic mylonite (61 AP-70). The cataclastic zone does not go 
further than the Zardew valley. 

The southern apophysis of the pluton, on the contrary, clearly grades 
to massive light aplitic clearings, that are interrupted only by some nebulitic 
spots enriched in biotite (61 AP-83). The high mountains over the Warduj 
upstream from Dastuk and the greater part of the intrusive band crossing 
Koh-i-Rangan partition spur of the Warduj and Zardew valleys, are made 
up of this composition. On the spur there are also true massive, light-co- 
loured fine and homogeneous-grained biotite granites (61 AP-81), insensibly 
grading to the above described aplite. 


PETROGRAPHICAL FEATURES. — It is a series of subsequent differentia- 
tions framed into the quartz plagioclasite-leucogranite-aplitgranite-aplite as- 
sociation. Common feature is the constant percentage in quartz between 
30 and 33% of the total composition, coinciding with the medium content in 
quartz of the alkali granite. The plagioclase content changes from 57% of 
plagioclasites to 17-22% in the aplitic types, while their oligoclase-andesine 
composition Ansi-s» is rather stable. Alkali feldspar is completely lacking 
in many plagioclasites, that assume a mineralogical composition rather simi- 
lar to very quartziferous tonalite. As they are types very poor in mafic min- 
erals it is more suitable the comparison with trondhjemite, corresponding 
to alkali-calcic granodiorite. 

In the aplitgranite, aplite and leucogranite, alkali feldspar is prevail- 
ing given by microcline, and microclin-perthite, accompanied by diffuse 
mirmekite rims of reaction with plagioclase. 

The feldspars seem to have been simultaneously crystallized (or recrys- 
tallized); sometimes a slightly earlier crystallization of plagioclase is evi- 
dent. The growth of plagioclase is so interrupted by alkali feldspar that 
often develops in form of sub-idiomorph crystals. 

Leucogranite differentiates in a slightly superior percentage of alkali 
feldspar on plagioclase, while it is still tightly bound to granite for struc- 
tural reason. Another common feature of the rocks in this group is given 
by the scarce mafic elements, generally represented by biotite, more seldom 
with associated muscovite. This one has clearly late, post-tectonic origin, 
probably for alteration of the feldspars under pneumatolitic actions. The 
quantity of micas is changeable from the 8 to 5% in the granitic-aplitic types, 
reaching the 10% in quartz plagioclasites. 
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Cataclasis phenomena are diffused everywhere, mainly in the granitic 
facies of Malang Ab apophysis. Lamination on the crystals scale seem to be 
later than the cataclastic phase, and, as they are accompanied by a certain 
degree of oriented recrystallization, they partially restore the previous de- 
formations. 

In the mylonitic and ultramylonitic types we noticed a opaque groun- 
mass including splinters of different size of sialic elements: in decreasing 
order quartz, plagioclase, potash-feldspar. 


PETROGENETICAL CONSIDERATIONS. — Baharak mass of granular sialic 
rocks is the most typical example of synkinematic metasomatic granitization 
in the crystalline complex of Central Badakhshan. Along the eastern side 
its genetic connection with the augen banded migmatitic gneiss of Kurkhu 
formation and with the nebulitic migmatitic gneiss of Tarang is certain. 
With regard to the latter formation it has been outlined that in the most de- 
veloped migmatitic types palasome completely disappears while more or 
less extended masses with aplogranodioritic and leucogranodioritic composi- 
tion appear. They are now and then joined by schistose biotitic beds made 
hy imperfect transformation of palasome. 

The petrographical affinity between these metatectic masses and many 
granular rocks of Baharak mass is evident. Such affinity is recognizable 
even in some details with uncertain genetic significance, as the great amount 
of albite-ala twins in the plagioclases of both formations. 

The granitization phenomena widely and thickly diffused in the forma- 
tions delimiting the mass eastward and southward are substituted, at least 
apparently, by a sharp contact with black slates characterized by marked 
but not much extended isothermic modifications of the slates. It is any- 
way rather difficult to state wether a migmatitic mass very moble and fur- 
nished with intrusive energy in its upper part was formed or the phenom- 
ena is just a selective metasomatose that stopped at the basal level of the 
black slates. The second hypothesis seems to be more probable, mostly 
considering the variations of composition existing into Baharak mass. It 
must be emphasized that the different facies of Baharak granular mass are 
placed in a coarse stratoid form, with the alkali-calcic terms, corresponding 
to quartz-plagioclasite, in inferior position; and the potash-alkali terms, 
with granit trend, in the upper part as far as the black slates contact. It 
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is explainable if we consider the basal part as made by the metasomatic 
transformation of the same initial products, that were probably intrusive and 
originated Tarang plagioclasic gneiss. 

The upper part, on the contrary, presents some petrographical affinities 
with the sialic metasomatic portions of Kurkhu Gneiss, and it would attest 
the ultrametamorphic transformation of an essentially pelitic metasedimen- 
tary series. The principal petrographical evidence of Kurkhu Ghneiss, 
that is the transformation of micas into sillimanite, corresponds to a charac- 
teristic feature of the granitization phenomenon in the sillimanite zone, that 
is in the sillimanite-almandine sub-facies. To this reaction a sensible remo- 
bilization of potash is joined and this explains the richness in microcline of 
all the peripheral facies belonging to the roof and the southern apophysis of 
the pluton. 


2.7. Abu Abdal Granodiorite. 


GENERAL FEaTuRES. — Abu Abdal Granodiorite forms a concordant 
lenticular pluton inserted into Rabat Gneiss in the Kokcha valley near Abu 
Abdal as far as the village of Darrah-i-Khash, not far from Jurm, in a NNW 
— SSE direction. The prevailing rock, furnished with noticeable homoge- 
neity of facies, is a massive, fine-grained aplo-granodiorite that is very fresh 
and lacks in tectonic deformations. At the borders of the pluton a migma- 
titic facies is developed in Rabat Gneiss. This facies is formed by intense 
injection phenomena bed to bed of sialic material in the gneiss, diffused up 
to one kilometre thick. 


FieLp OssErvations. — South-east of Faydzabad, between Abu Abdal 
and Jurm, Rabat Gneiss, belonging to the eastern side of Faydzabad anti- 
cline, contains a narrow granodioritic pluton. 

The pluton is strictly conformable with the gneiss and is accompanied 
by intense injections bed to bed of sialic material in the country rock, par- 
ticularly developed in the norther part. The pluton is videly bare of its 
covering northward, mainly along the Kokcha incision, while in the central 
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part and in the southern one it is still partially covered by its roof of gneiss 
and marble along the Koh-i-Surkh-Koh. 

The rock is everywhere homogeneous and massive, very fresh at the 
fracture, crossed by a thick net of diaclases. In the central and southern 
part, where the pluton body is more unitary, a very light fine-grained aplo- 
granodiorite poor in mica prevails (61 AP-104) and northwards it grades to 
a slightly more biotitic fine-grained facies (61 AP-49). 

The dyke suite of the pluton is particularly diffused and well exposed 
along the right side of Kokcha, between the villages of Abu Abdal and Wu- 
lar. There are many dykes of pegmatitic hornblende-granite, of granite 
with heterogeneous texture and nebulitic spots with biotite and amphibo- 
lite, of pegmatite with wide muscovite flakes. To them a more recent gen- 
eration of pegmatitic tourmaline strips is joined. These intersect the above 
described dykes. 

Near the village of Wular there is a laccolite of leucogranite very light- 
coloured, poor in mica, wiht diffused mafic hybridization zones (61 AP-29) 
and, in the peripheral part, some microgranitic strips. 

Along the Kokcha valley, on the western side of the pluton, there are 
very thick injections bed to bed with transtormation of the Rabat Gneiss in- 
to migmatitic gneiss on a band up to one kilometre thick. It is a migmati- 
tic garnetiferous gneiss with large sialic bands (61 AP-47) that sometimes 
have the shape of real granitic or pegmatitic dykes. The sialic elements, 
mainly quartz, are scattered also as big amigdales and lenses grading to 
granitic gneiss and granite. The marble bands frequently inserted in the 
gneiss are transformed into calcphyres with phlogopite and hornblende with 
interposed biotitic beds (61 AP-48). 

An analogous migmatitic band is along the eastern side of the pluton, 
south of Abu Abdal. Metasoma is mostly quartz-plagioclasic in form of 
thin stripes, at the contact with which schistose palasome forms biotitic and 
amphibolic beds (61 AP-160). Also amphibolic gneiss with beds rich in 
scapolite and uralitized pyroxene with quartzous feldspathic and_plagio- 
clase-biotitic bands are formed (61 AP-161). 

The southern apophysis of the pluton has a facies with oriented texture, 
in form of biotitic granitic augen orthogneiss, and a sharp contact with 
calcphyre and paragneiss that show only sporadic quartzous feldspathic 
enrichments. 
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PETROGRAPHICAL Features. — The rocks of the Abu Abdal pluton are 
distinguished by their markedly leucocrate character, and the fine and reg- 
ular grain that in the outcrop makes them similar to very sialic granite. On 
the contrary, they mostly correspond to aplogranodiorites composed of oli- 
goclasic plagioclase Ani7-2: up to 57%, of quartz for 27-30%, and of a smaller 
quantity of potash-feldspar and scarce biotite together with muscovite de- 
rived from transformation of the feldspars. 

The ipidiomorph granular structure shows a clear idiomorphism of pla- 
gioclase, followed in different crystallization phases, by potash-feldspar and 
quartz. Then there is a rather marked pneumatholisis with growth of pseu- 
domorph muscovite on the feldspars or, for a smaller part, on their crystal- 
line planes. This phenomenon seems to happen in synkinematic conditions, 
the same conditions that interested the other components with fracture de- 
formations. To them, marked cataclastic effects due to a Jate tectonic 
phase, are overlain. 

The same conditions occur in the leucogranites of Wular laccolite. 
They are distinguished by a greater content of potash-feldspar (more than 
1/3 on all the feldspars) as the composition of plagioclase becomes more 
and more calcic, up to Anz. Unfortunately, samples able to give a more 
complete petrographical documentation are lacking among the filonian 
forms composing the pluton. 


PETROGENETICAL CONSIDERATIONS. — Abu Abdal Granodiorite forms an 
igneous body of « mixed » origin, of which the greater part is ascribable to 
a magmatic process. 

To uphold the magmatic origin of the greater part of the pluton, that is 
of the whole mass of granodiorite, we enumerate the following data: 


a) the structural relations with the country rock show a forced magmatic 
settling into the gneiss; 

b) the rock of the pluton is everywhere characterized by a very homoge- 
neous composition corresponding to an aplogranodiorite; 

c) in the mass itself, the marks of a substitution of pre-existing rocks or of 
selective fusion of them are absent, as the encasing gneiss is characterized 
by thick injections bed to bed; 


d) the southern part of the pluton presents a rock with aplogranitic com- 
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position characterized by a gneissic orientation of the components, clear- 
ly produced in phase of paracrystalline stress. 


It is interesting to notice that the injection gneiss of the peripheral band 
is characterized by more calcic plagioclases than the ones of the aplograno- 
dioritic contexture. There is, on the other hand, a certain relation between 
the composition of the sialic bands of these gneiss and the leucogranitic dy- 
ke facies present in the Wular zone mainly containing more calcic pla- 
gioclases. Injection gneiss and peripheral filonian phenomena, on the one 
hand, homogeneous granitic rocks on the other, seem to be product of two 
distinct phases of a mixed process of granitization and magmatic injection. 
We consider the intrusion of aplogranodioritic magma as preceded by the 
rising of alkaline fluids along the line of tectonic weakness under stress. 
Such phenomena looks like a metasomatic granitization quickly stopped by 
the going up of the lower magmatic mass. It enables us to explain the 
great development of the migmatitic encasing gneiss, hardly ascribable to 
the simple effect of peripheral magmatic injection of a modest and limited 
pluton as Abu Abdal aplogranodiorite. 


3. MYLONITE BELTS. 


All the eastern margin of the Jalmish and Kakan pluton is character- 
ized by a great development of cataclasis and mylonisis phenomena, the 
products of which are placed in bands and lenses conformable with the 
structural trends of the plutons and with their contacts. 

Among these rocks, the ones coming from the deformation of the 
dioritic and granodioritic rocks of the plutons, and chiefly of Kakan pluton, 
are prevailing. This last appears divided from Halqa Jar Amphibolite by a 
cataclasite band about 1 to 3 km thick, and inside the pluton itself long my- 
lonitic lenses appear. Farther southward, Sang Ab apophysis of the Jalmish 
pluton appears intensely cataclastic up to mylonitic along all the external 
margin of black slates. Also other parts of the pluton, between the valleys 
of Wakhshi and Darayem, seem to be interested by analogous mechanical 
deformations, in irregular and discontinuous, but very diffused way. 

The band of cataclastic rocks coming from Kakan Quartz Diorite, was 
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distinguished with the name of Petwan Blastomylonite. Also on the 
ground of its genetical bound with the granular rocks of the pluton is clearly 
recognizable. It keeps also the same composition with a superimposed 
blastomylonitic texture. They are rocks with the composition of quartz 
diorite with biotite and hornblende, suffering an intense clastesis accom- 
panied by saussuritic transformations of the feldspar and by following 
blastesis of quartz. At different degrees they suffered a fluidal constipa- 
tion of the more markedly mylonitic beds round the less deformed quartz- 
ous or feldspathic cores conserved as phenocrstals with blastic eyes. 

Near this blastomylonitic quaitz-diorite (61 AE-36, -37, -38, -41), some 
bands more intensely deformed, darker coloured, with rougher and more 
compact look are distinguishable on the ground, mainly in Kokcha valley 
and north of it near Arga Qeshlaq. They are mylonites very fine-grained, 
hard and splintery if fractured, made up of a criptocrystalline mass, mostly 
quartzous, mingled with saussuritization products, including a few iso-orient- 
ed strip-shaped quartz-feldspathic relics (61 AE-42). 

In the southern part of Petwan Blastomylonite some tectonic lenses 
coming from amphibolite and biotitic paragneiss are inserted. Most of them 
could be cartographed near Petwan. 

The blastomylonitic band cropping out north of Sang Ab has the same 
petrographical features described for Petwan Blastomylonite (61 AE-53). In 
this case too, its derivation from Jalmish Tonalite is sure. In it, however, 
the intercalations of biotitic paragneiss and rather fresh staurolite gneiss 
sometimes without mechanical deformations are very frequent. Most of 
these intercalations were observed west of the village of Kangurchi. 

The same gneissic bands go on northwards; at first as very thin lenses 
at the margin of the dioritic mass, then with greater dimentions, mainly in 
the Teskhan valley, near Kwaja Afghani. Here also a biotitic gneiss with 
cordierite was noticed (61 AE-44). Both this last and the staurolite gneiss 
noticed east of Kangurchi are two petrographical types unknown in 
the metamorphic series of the Faydzabad and Baharak regions, so they 
must be considered as belonging to the Lower Paleozoic or Archeozoic ba- 
se of the structural zone of Northern Pamir, where the granodioritic and 
quartz-dioritic Hercynian intrusions, of which Jalmish pluton is one of the 
farther southern specimens, took place. 
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D. DATA ON THE ABSOLUTE AGE OF SOME PLUTONIC AND META- 
MORPHIC ROCKS 


The geological researchs in the plutonic and volcanic areas are substan- 
tially facilitated by the determinations of absolute age of some minerals 
(micas) of the rock samples. During the geological survey in Central Ba- 
dakhshan we collected some rock specimens proper for these kind of deter- 
minations. The specimens were examined in the Laboratory of Nuclear 
Geology of the University of Pisa by E. Tonciorcr and G. Ferrara and sub- 
mitted to the age determination by Rb/Sr method (Drsio, Tonciorcr & FER- 
RARA, 1964). 

The laminae of biotite and muscovite were separated and purified as 
described by JAcer (1960). The rubidium and strontium contents were 
determined through isotopic diluition by means of an « Atlas» type CH: 
mass spectrometer provided with an electron multiplier. For the rubidium 
decay constant, a value of 1.47 & 10°'a* was employed. The error in the 


determinations of total rubidium and strontium is + 3.5% and depends on 


the ratio Sr 87 rd being greater when this ratio is near 0.1. In this 
Sr 87 tot 

case, the precision of the measurements is + 10% The ages having a 

Sr 87 rd 

Sr 87 tot 


sidered as having a merely indicatory value. 


A standard sample of biotite (Bern 4B) was used for control (Rb 592 
ppm; Sr‘* 2.57 ppm; Sr*’ rd 0.045 ppm). 


ratio less than 0.1 are reported in brackets and are to be con- 


In Table 3 are reported the essential data concerning the samples. 
As a basis of reference to the geological age of the dating in years PoLE- 
vaya’s table (1960) was employed ('). On the fig. 29 the location of the sam- 
ples examined are indicated. 


(1) There are some discrepancies between the nomenclature of the rocks in the tables and 
those described in the Petrographic appendix. These discrepancies depend from the fact that two 
ore more samples collected in the same locality were submitted one to the petrographic investiga- 
tion, another to the determination of the age. 
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Locality 


Between Jalmish 
and Ghandak 
(Hindu Kush) 


Between Tolemo- 
i-Bali and Jalmish 
(Hindu Kush) 


Between Jalmish 
and Ghandak 
(Hindu Kush) 


South of Darrah- 
i-Jim 


Near the bridge 
of Darrah Sah 
Baba (Kishem) 
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35°11°45"N 
67°58'30"E 


35°06'30""N 
68°01'30"E 


36°42'50"N 
70°07'09"E 


36°42'40"N 
70°09'58”E 


Rock type 


Mafic | 
granodio- 
rite 


Mafic 
granodio- 
rite 


Tonalite 


Mafic 
granodio- 
rite 


Granodio- 
rite 


Petrographic 
features 


The rock is similar in tex- 
ture and composition to spe- 
cimen 61 AD-71; it contains 
a little micropegmatite of 
deuteric origin. 


The mafic character is given 
by the presence of a large 
quantity of biotite and am- 
phibole and by the calcic 
composition of plagioclase. 


The essential components 
are: saussuritized plagiocla- 
se, quartz, hornblende and 
biotite. The quartz, abundant, 
occurs in granoblastic aggre- 
gates. 


Biotite-amphibole granodiori- 
te, with zoned calcic plagio- 
clase (Amgs-so). 


Biotite-granodiorite, showing 
moderate dynamic deforma- 
tions. 


Occurrence 


Axial batholith 
West Hindu Kush 


Axia] batholith 
West Hindu Kush 


Axial batholith 
West Hindu Kush 


Bagh-i-Turk 
pluton 


Bagh-i-Turk 
pluton 


Rb tot 
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57 Small valley SE 
of Sang Ab 


a4 Near Kashan 


33 Near Kashan 


(20 Between Sahid 
Darrah and Kalar 


128 =| Upstream from 
Sela-i-Kadan 


43 Near Kwaja 


Afghani 


36°40’31"N 
70°12'08”E 
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36°53'10"N 
70°14'30”"E 


Granodio- 
rite 


Foliated 
tonalite 


Granodio- 
rite 


Granodio- 
rite 


Tonalite 


Leucoto- 
nalite 


Biotite-amphibole granodiori- 
te with typical hypidiomor- 
phic texture. The hornblende 
is partly replaced by biotite. 


The foliation is due to the 
parallel arrangement of mafic 
minerals (hornblende and 
biotite). The rock contains 
a little potash-feldspar. 


Biotite-granodiorite. The pla- 
gioclase is corroded by the 
potash-feldspar and myrme- 
kite is developed. 





Biotite-amphibole granodio- 
rite with incipient metamor- 
phic texture, containing 


abundant epidote, chiefly cli- 
nozoisite, in well developed 
crystals. 


Biotite- amphibole tonalite, 
rich in quartz. Some epidote 
is present. 


The rock has the same con- 
tent of dark minerals as a 
granodiorite. Potash feldspar 
is absent and the essential 
minerals are: andesine-lab- 
radorite, quartz and biotite. 
The texture is partly meta- 
morphic. 


6 7 8 9 10 
Narrow and elon-| 506 | 10.90 | 0.392 | 0.33 
gate pluton of 
ang Ab 
Kashan pluton 257 | 17.44 | 0.199 

521 |} 24.66 | 0.402 
Kashan pluton 
Naghz Darrah 432 | 5.85 | 0.245 | 0.37 
pluton 
Naghz Darrah 354 } 10.87 | 0.195 | 0.20 
pluton 
Kwaja Afghani 512 |} 838)0.275 | 032 
pluton 
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19b | Zebak Cataclas- | Biotite granodiorite contain- 429 | 11.25]0.170 | 0.18 | 93 IV 
71°20°54"E | tic grano- |ing, as minor component, 
19a | At the back 36°30'35"N | diorite hornblende. A rather strong Upp 
of Zebak 72°20'54”"E deformation is revealed by Cret 
protoclastic as well as by 525 | 19.50)0.189 | 0.12 | 86 pee 
subsequent fracturing and 
granulation. 
68 At the pass west} 37°03’47"N Oligoclase microcline - perth- | Baharak pluton 882 | 5.51}0.118 | 0.23 | 32 
of Wakh Sir 70°55'14"E ite, quartz and biotite are 
the essential minerals. Coarse 
feldspar crystals are present Vv 
as phenocryst. Olig 
cen 
16 | Little upstream | 36°38'00’N | Migmatitic | Dark plagioclase-biotite gneiss | Migmatite belt of } 794 | 9.07 | 0.0944) 0.13 | 28.5 
from Deh Qalat | 71°07'30"E | gneiss lit-par-lit injected by quartz- } (around) Baharak 
plagioclase material. pluton 
17/25|Lake Shiwa 37°24'45"N | Blastomy- | Leucocratic blastomylonitic | Transitional zone| 652 | 5.68 | 0.0618} 0.13 | 22.7 
71°20°47”E |} lonitic gneiss containing coarse whi- | between igneous 
gneiss te mica (partly derived from | and migmatitic 
biotite) flakes and some frac- | rocks of Shiwa V) 
tured garnet granoblasts. 
Mioc: 
-17/19|Lake Shiwa 37°24'35"N | Pegmatite | Many porphyroclasts of | Strip within 1154 | 7.67]0.094 | 0.15 | 195 


71°21’42"E | mylonite | feldspar in a pseudoschisto-| granitoid gneiss 
se matrix, composed essen- 
tially of recrystallized quartz. 
Tourmaline and garnet are 
also present. 


a a SS 
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2 3 4 5 6 7 8 9 10 11 1: 
HH | Abu Abdal 37°04'13"N | Granite Oligoclase, microperthite and | Small stock 953 | 3.41} 0.066] 0.22 16.7 
70°43'35"E quartz are present as por- 


phyroblasts and compose too 
the fine-grained groundmass. 
Biotite and titanite are rather 
abundant. 


17/3 }Lake Shiwa 37°23'11"N_ | Biotite- Dark migmatic gneiss, rich | Band in migma- 668 | 7.09 |0.0452] 0.084] 16.2 
71°23'13"E | gamet- in biotite and containing a | tite 

gneiss little garnet, showing a dis- 
tinct separation into dark 
and light parallel layers. The 7 
sialic components, among ¥. 
which myrmekite is abun- Mioc 
dant, make also small eyes. 


18 |From the landsli-| 36°58’00"N | Gneiss Equigranular, medium-grain- | Pluton 1431 | 4.81] 0,093{ 0.22 15.6 
de east of Ardar | 70°56’40”E | granite ed, foliated rock of granitic 
composition, containing bio- 
tite and muscovite as iso- 
lated flakes. Allanite and 
sillimanite are present. 


13 |Warduj valley, | 36°51'36”N | Gneiss Slight by cataclastic granite | 4; ve 
5 km upstream | 71°03’57”E | granite gneiss with crystalloblastic of “Baharak plu. a se 0548) 0.09 ise 
from Chakaran texture. The rock contains, | ton 
besides biotite, some garnet 
and sillimanite. Garnet and 
biotite are partly transform- 
ed into white mica and 


chlorite. 
X | Kokcha valley, | 37°12’58"N | Granodio- | Medium-grained _ biotite-am- | S 367 | 4.21] 0.0181 0.06 | 12 
below Kakan 70°19’20"E | rite phibole * pranodiorite with eter ° 


hypidiomorphic texture. Pla- 
gioclase and biotite are 
strongly altered. 
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Summarizing the essential geological data of the table we obtain the following scheme: 


I. Lower Triassic: 


(Late Hercynian) 
(Late Hercynian) 
(Late Hercynian) 


(Late Hercynian) 


II. Upper Triassic: 


(Early Cimmerian) 
(Early Cimmerian) 
(Early Cimmerian) 


III. Upper Jurassic 


(Cimmerian) 
(Cimmerian) 
(Cimmerian) 


IV. Upper Cretaceous: 


(Early Alpine) 


V. Oligocene: 


VI. 


is: 


(Alpine) 
(Alpine) 


Miocene: 
(Alpine) 
(Alpine) 
(Alpine) 
(Alpine) 
(Alpine) 


(Alpine) 


Mafic granodiorite 
Tonalite 
Mafic granodiorite 


Granodiorite 


Granodiorite 
Foliated tonalite 
Granodiorite 


Granodiorite 
Tonalite 
Leucotonalite 


Cataclastic granoditorite 


Adamellite 
Migmatic gneiss 


Blastomylonitic gneiss 
Pegmatite mylonite 
Biotite-garnet gneiss 
Granite 

Granite gneiss 


Granodiorite 


Axial batholith of the Hindu 
Kush. 


Axial batholith of the Hindu 
Kush. 


Bagh-i-Turk pluton (Darrah-i- 
Jim and Darrah Sah Baba) 


Bagh-i-Turk pluton (Darran-i- 
Jim and Darrah Sah Baba) 


Sang Ab pluton 
Kashan pluton 
Kashan pluton 


Naghz Darrah pluton 
Naghz Darrah pluton 
Kwaia Afghani pluton 


Zebak stock 


Baharak pluton 
Migmatite belt around Baha- 
rak pluton 


Lake Shiwa 

Lake Shiwa 

Abu Abdad stock 

East of Ardar 

Migmatitic belt of Baharak 
pluton 

Kakan stock 


The six groups can, in tum, be referred to three orogenetic cycles that 


a) Hercynian Orogeny 
b) Cimmerian Orogeny 
c) Alpine Orogeny 


: I group; 
II and III groups; 
IV, V and VI groups. 


This grouping of plutonic and metamorphic rocks and probably also of 


the plutonic bodies, is, at least to a certain extent, mirrored in the topo- 
graphic distribution of the various outcrops. It can be observed in fact 
that proceeding from west to east, the plutonites belonging to the oldest cy- 
cles are replaced generally by those of the youngest cycle, at least up to 
the Jurm line. 

The topographic succession following this order in Central Badakhshan 
is shown below (Fig. 28): 
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a) Kashan pluton (granodiorite and tonalite) = Upper Triassic, 
b) Sang Ab pluton (granodiorite) = Upper Triassic, 

c) Kwaia Afghani pluton (leucotonalite) = Upper Jurassic, 

d) Naghz Darrah pluton (granodiorite/tonalite) = Upper Jurassic 
e) Abu Abdal stock (granite) = Miocene. 


> 


a Hergysian 
Cymmerian 


Fig. 28 - Location of the samples dated 
by Rb/Sr method in Badakhshan. 
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The Lower Triassic Bagh-i-Turk pluton (mafic granodiorite and grano- 
diorite) appears to be interposed between plutons a) and b) of Upper Trias- 
sic age, but the relationships between the two plutonic bodies are not clear. 
It seems, however, that an older plutonite of the late Hercynian cycle is in- 
terposed between two plutonic bodies of the Early Cimmerian cycle, while 
the Kakan stock (granodiorite) of Miocene age, belonging to the Alpine cy- 
cle, is interposed between two plutons of the Upper Jurassic cycle. The 
topographic succession described above is not, therefore, typical. 

Furthermore, to the east of the Jurm line, Oligocene plutonites are ex- 
posed belonging to the Baharak pluton which, as far as age is concerned, 
do not correspond to any plutonic bodies present in the studied area. The 
same thing happens also farther to the east where the stock (cataclastic 
granodiorite) of Upper Cretaceous age does not correspond to any plutons 
exposed in the area investigated. 


AGE OF PLUTONIC AND METAMORPHIC ROCKS 221 


The topographic distribution of the plutonites from the oldest to the 
youngest proceeding from west to east is admissible if we take into consid- 
eration that in Central Badakhshan the continuation of the Pamir tectonic 
zones is present (Desio et al., 1964b). In the latter region, proceeding 
from north (North Pamir) to south (Central and South-Eastern Pamir) the 
oldest plutonites (Hercynian) are replaced by the youngest (Alpine), although 
there are remarkable exceptions caused by tectonic dislocations. In the 
area studied, the north to south distribution of the Pamir outcrops becomes 
a west to east succession on account of the change in trend of the various 
tectonic units proceeding from Pamir to Badakhshan. It is also worth men- 
tioning that Badakhshan is tectonically much more dislocated than Pamir 
as will see later. 


E. SUMMARY OF THE MAGMATIC AND METAMORPHIC PROCES- 
SES IN CENTRAL BADAKHSHAN 


Central Badakhshan can be divided both on the structural magmatic 

and metamorphic points of view, into three great units: 

a) western zone, of late-Hercynian plutonism; 

b) central zone, of sinorogenic Hercynian granitization and Cimmerian plu- 
tonism; 

c) eastern zone, of sinorogenic Alpidic granitization. 

Such subdivision exactly reflects the orogenetic evolution of the region, 
the axis of which suffered a migration from west to east, as new tectogens 
rose, joined and strengthened to form the imposing and, from some aspect, 
peculiar lithospheric complex of Pamir. 

The mentioned zones are limited by deep fractures and fault boundles 
with N-S trend, connected to the ones of Pamir through a marked bent deflec- 
tion toward north-east (Desio, 1964, 1965). Particularly are here recogni- 
sable the zones corresponding to Northern and Central Pamir, divided from 
the thick mylonitic band lying west of Faydzabad and east of Kishem. 
More detailed explanations on this subject will be given in the chapter 
about the tectonic structure of the region (page 330). 
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The metamorphic evolution of Central Badakhshan began with the 
transformation in meso and epizonal environment of the pelitic, arenaceous 
and calcareous-dolomitic sediments that filled the wide bottom of the Hercy- 
nian geosyncline limited on the oceanic side by a continental mass corres- 
ponding to the thick metamorphic plate of South-western Pamir (Figs. 29 and 
30). The deepest transformations occured in correspondence with the central 
zone, where the kinzigitic formation of Faydzabad Gneiss took origin. 
In the granulite facies, the kinzigitic mass became a seat of incipient, even 
though not complete, anatexis, and of mobilization of granitic products that 
were injected in concordance in the gneisses with decreasing intensity from 
the « focus » of granitization coinciding (or underlying) with the deepest 
core of the formation. The kinzigitic formation probably stretched farther 
eastwards as far as the Baharak zone, were the following Alpidic metamor- 
phism turned it into the Kurkhu polymetamorphic gneiss. 

In the western part, that is round Kishem, rocks of high thermal, proba- 
bly Hercynian metamorphism, among which cordierite gneiss and staurolite 
one, are found as isolated blades into the blastomylonitic bands at the margin 
of Jalmish pluton. 

In the Baharak zone, above the mesozonal metamorphism develops on 
a pile of about 5000 m of sediments, among which is argillite, sandstone, 
marl, limestone, dolomitic limestone, tuff, and probably basic lava. 
The distribution of sediments shows a deepening of the basin from west to 
east, that is from the Kishem zone, that will be the seat of acid post-oroge- 
nic magmatism, as far as the Baharak zone where the prevailing calcareous 
and dolomitic sedimentation with pelitic intervals will go on until the Up- 
per Jurassic. 

Basic eruptions occurred in the zone north of Faydzabad, probably 
as basaltic sills with the relative pyroclastic products. These different ori- 
ginal conditions brough to different metamorphism products, among which 
essentially fine biotitic-garnetiferous gneiss in correspondence with pelitic- 
psammitic sediments; amphibolite in correspondence with volcanic pro- 
ducts, marble with phlogopite in the calcareous-dolomitic zones, biotitic 
schists and quartz in the argillites and siltites intercalated to the carbonatic 
rocks. 

The mineralogical associations of regional metamorphism, are, on the 
whole, in the almandine-amphibolite facies for all the metamorphic forma- 
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tions of Faydzabad, Kurkhu and Tarang included; as the calcareous-dolo- 
mitic formations and the black slates of the zone north of Baharak show not 
so well determined mineralogical associations, ascribable to the green schists 
facies. 
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Fig. 29 - Correlation between metamorphic and magmatic processes in Central Badakhshan. 


But the most characteristic aspect of all this Hercynian metamorphic 
sequence is the frequent appearance of horizons, with typical high thermal 
facies metamorphism. All these horizons, to whatever zone or facies of me- 
tamorphism they are joined, have mineralogical associations typical of the 
hornblende hornfels facies. 

This shows that the prevailing element in the Hercynian metamorphism 
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Fig. 30 - Scheme of the stratigraphic correlation in Central Badakhshan and Kataghan. 


ikhshan Zone - q = Quaternary deposits, Tgr = Taluqan Gravels, Kf = Kokcha Formation: Tah Jari member, | 
ich member, Kf” = Ganda Qol member; Akf = Ambar Koh Formation, Bf = Bluti formation, BDl = Baba Darwes 
Gf = Gazestan Formation, Ms = Mohammed Aba Sandstone, Ml = Mashad Limestone, Qs = Qara Bulaq F« 
= Shingan Formation, Fs = Farkhar Formation, Iy-K8 = Jalmish Tonalite & Kakan Quartz Diorite. 


chshan Zone - Mi = Muzung Gabbro, Nt = Naghz Darrah Tonalite, Ay = Abu Abdal Granodiorite, Ha = Halq 
ite, Qg = Qara Mugul Gneiss, WRg = West Rabat Gneiss, Black = Calphyre and marble, Fg = Faydzabad Gneis 


khshan Zone - dj]2 = Wuran Shar limestone, djl 1 = Kalawch limestone, bs = Blach Shales, ERg = East Rabat G 
: Calcphyre and marble; Kg = Kurkhu Gneiss, Tg = Tarang Gneiss, By = Baharak Granodiorite. 
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of Central Badakhshan was the temperature that accompanied wide fusion, 
palingenesis and granitization process, though in a rather low range of pres- 
sures, always varying in the limits of the almandine-amphibolite zone. 
The development of migmatite in analogous conditions was described with 
surprising analogy by Fyre, Turner & VERHOOGEN (1958), according to 
whom metamorphic rocks of the almandine-amphibolite facies can exist to- 
gether with granitic spindles from a temperature of 700’, provided the spin- 
dles are supersatured of H:O. 


In this case mineralogical associations of high temperature are found 
also at great distance from granitic injection and migmatites, so that 
all the region must have undergone a very high temperature gradient. 
With such anomalous thermodynamic conditions, the vertical development 
of the metamorphic facies is incomplete and atypical, mostly if we consi- 
der the quite total lack in kyanite and staurolite in the pelitic associations. 
To the above described phenomena of synkinematic granitization with li- 
mited and local mobilization of granitic spindles, a strong late-orogenetic 
magmatism of Upper Paleozoic—Lower Triassic age is opposed. It develops 
with batholithic intrusions concordant along the western side of the region, 
gathered under the name of Jalmish Tonalite and Kakan Quartz Diorite. 


Such intrusions align with the axial Hercynian batholith of Northern 
Pamir and seem to be placed at the margin between the Hercynian orogene 
and a cratonic zone of late sinking, corresponding to the Upper Amu Darya 
Depression. The magmatism is originally tonalitic and, during a rather long 
period of deep differentiations and intrusive reactivations, it pass to leuco- 
gabbric, quartz-dioritic, aplogranodioritic and leucogranitic facies. 

During the Mesozoic age, the axis of the geosyncline gradually moved 
eastward as fas as the Faydzabad zone, stiffened by Hercynian magmatic 
and metamorphic processes, formed a high structural unit, divided by the 
rising Alpidic geosyncline with a system of fault slopes coinciding with the 
present Jurm valley going on northwards as far as the Dasht-i-Pan, Kulan, 
and Koh-i-Sur-Khan zones. 


A later magmatic activity with prevailingly basic character, took place 
into the old Hercynian tectogene in the zone north of Faydzabad during the 
end of Cretaceous. In Halga Jar Amphibolite gabbroic magmas with mo- 
nocline pyroxene and olivine with marked syntectic modifications for assi- 
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milation of calcareous-dolomitic rocks, described as Muzung Gabbro, were 
intruded under conditions of tectonic stability. 

At the southern margin of the mass, they came up in form of differen- 
tiated sialic tonalitic stocks with filonian leucogranitic and pegmatitic ma- 
nifestations, together with quartz dioritic facies, probably originated by 
syntexis phenomena. This complex was named Naghz Darrah Tonalite. 
This Cretaceous magmatism corresponds to the basic plutonic very diffe- 
rentiated manifestations of Central Pamir, mentioned by some Russian au- 
thors as related with the Cimmerian late-orogenic activity. Anyway, it pro- 
bably does not represent the deep correspondent of a basic volcanic activity 
of oceanic character, both for the lihologic pattern and the structural po- 
sition. 

The subsident basin with miogeosynclinal character placed east of the 
line of Jurm valley, undergoes the first orogenetic Alpidic deformations 
probably during Cretaceous already. 

The Hercynian metamorphic formations making the base, as Kurkhu 
Gneiss, are chiefly involved in a cycle of metamorphism and granitization of 
great intensity and extension. 

During Eocene, great masses of anatexitic granite take place between 
the polymetamorphic granitized gneisses up to agmatitic and the sedimenta- 
ry formations with lower degree of metamorphism, among which the black 
slates mainly. The phenomenon, in its upper part, seem to be ascribable 
to selective anatexis of the metamorphites of the Hercynian cycle, mainly for 
a zoned disposition of the granitoid masses forming Baharak pluton, with 
quartz plagioclasites in the basal part and leucogranites in the summit part. 

The granitization phenomena overlie a phase of intense mechanical de- 
formation that reached the crystal scale. This agrees with the opinion, ex- 
pressed in a preceding chapter, that in Central Badakhshan the Alpidic syn- 
orogenetic migmatization reaches zones of higher metamorphism than the 
Hercynian one, overlying effects of embrional epidermal tectonism. 

A powerful bending and lifting of the region included between the 
Hercynian orogene of Faydzabad zone and the cratonic unit of South-west 
Pamir followed this synorogenic activity. 

Along the fracture zone of the Jurm valley, during Miocene, there was 
the coming up of granitic late orogenetic masses forming Abu Abdal plu- 
ton. The magmatic phase was preceded by diffusion of sodic-potassic solu- 
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tions that gave birth to a thick wrapper of migmatitic gneiss and ended with 
the penetration of aplitic-pegmatitic spindles into the country rock. 

The principal magmatic mass came up in concordant lenticular pluto- 
nian form, with massive and homogeneous aplogranodioritic composition. 
With this activity, dated about 13 M.Y., the great geological evolution of 
Central Badakhshan ends. It gathered in the space of a few tens of kilo- 
metres the products of three orogenetic cycles, at least, in a complex but 
highly expressive and charming mosaic. 

The evolution goes on westwards with the sinking of Upper Amu Da- 
rya depression filled with thick Neogene molasses, but in Badakhshan and 
in Pamir the exceptional frequence of deep seisms shows that the structural, 
and probably magmatic settling of the region has not yet ended (see page 
381). 


Ill. GEOLOGY OF THE LAKE SHIWA AREA 


1. INTRODUCTION. 


The geological survey of the territory surrounding Lake Shiwa was 
made by A. Desio and G. Pasquare during the 1961 expedition. It was 
limited to an area stretching about 20 km long from east to west, from the 
village Arakht and the northern branch of the lake to the Nakhshir Par val- 
ley. The sequence outcropping along the northern side of the lake and the 
bottom of the Nakhshir Par valley was surveyed with some details (Fig. 31). 

The petrographical study of the specimens was made by P. SpapEa Ro- 
pA who compiled also the sections dealing with the field observation. 
She was supplied with the maps and the field-books by the two surveyors 
and benefited of their geological assistance. 

In the present chapter the Pleistocene deposits, which are _largerly 
spread in the Lake Shiva area, are not taken into consideration. They are 
described later in the chapter dealing with the Pleistocene of Badakhshan. 
As we have mentioned in the introductory section of this volume, the area 
of Lake Shiwa was visited by H. Sawarta in 1960, that is one year before 
our expedition, but his report appears in the same year of our first report 
(1962). 

We have known some year later this report and the same happened to 
SawaTa about our preliminary report of 1964 (by Desio, PasquarE & Spa- 
DEA). 

SawaTa mentions very summarily the geology of the surroundings of 
Lake Shiwa and only the glacial and fluvio-glacial deposits are described 
(see page 350). His report contains also a geological sketch map, at the 
scale 1:278.000, of the northern part of the drainage basin and of the up- 
per Nakhshir Par valley. The following lithotypes are drawn: « hornfels, 
slate, phyllite, schist; banded gneiss, schistose hornfels; granitic rocks, gneis- 
sose granite ». The age of all these lithotypes was unknown. 


(1961) auvAOSVg 2p OIsag Aq vare EMIYS dye] oy} JO deur-yojays jeoSojoay - [¢ “B1q 


OzdL Stele 









sieke] Jo dip Y YWM ssieus aquerol.*.' 


Soye[S HOV |e eytromouery yereyeg J 


auojspues . 
pue soqeis youre KS susodep reroetp [$+2-t] 


pajoel suey __ Jee Bch 
eee) pue syisodep rernry |— 4! 


ssieuy nuyyIny ZZ staged [7 *-"] 





eee a 






* «]- + « 
> 6.4 Fes © 


\, vf NY : 
YA RRC 
SN RWS 


‘i c IN 
N \ 








> are &> 6 
9 

YS ut , 
S -. 
AA . 








~ 
w 32>» N ‘ Vis Gs 
{iiss Z 


WRN 
BY 








OZ 





ee C 
Coad 
P * 
LN 


=» hg 
Be rf 
FZ ‘ eal co es 
r Z Bae , ea —<( 

tL, (4A fea 





y, 
o7 


4] 





ees 


Sak Ole 









INTRODUCTION 231 


The most recent geological report was published by V.G. LEonov in 1969 but it 
concerns an area situated a little outside from the area under examination (WNW 
from Lake Shiwa). A geological sketch-map at the scale of about 1: 350.000 is annexed 
to this report. 

According to LEONov the considered arca (') is divided in three zones having 
the following composition: 


A. Western zone: 1. banded black limestone, 2. variegated deposits, 3. clayey sandy 
rocks, 4. silty shales and marls, 5. black layered marls, 6. black massive limestone; 
B. Central zone: 7. extrusive and quartzose rocks, 8. sandstones; 

C. Eastern zone: 9. gypsum and dolomites, 10. shales. 

The Central zone is crossed by an intrusion of biotite granite and porphyroid 
granite, and the Eastern zone by a dyke of muscovite granite. No fossils were found 
by Leonov, but the author correlated the stratigraphical units with those of Pamir. 

The geological similarites with the rocks of Lake Shiwa are very few. Only 
the dark shales with granite intrusions of the Eastern zone and the sandstone of the 
Central zone are correlatable. The Western and Central zones represent the north- 
ern continuation of our Central Badakhshan tectonic zone (see page 327). 


2. GEOLOGICAL AND PETROGRAPHIC FEATURES. 


2.1. General Structure. 


Four major units were recognized in the area under examination. The 
deepest unit, which presumably is the most ancient, is a complex of migma- 
tite cropping out along the Lake Shiwa coast as far as the eastern survey 
boundary. The stratigraphy of this complex, which contains a great va- 
riety of rocks, characterized by the frequent repetition of the same litholo- 
gical types, is obscured by the intense metamorphism and _granitization. 
Strong tectonic deformations, on both a small and a large scale, have caused 
local overturning of the series and repetition in the sequence. The 
thickness of the complex should amount to a few hundred metres. 

The migmatite complex is to be mainly correlated with the Kurkhu 


(1) In the Lronov's sketch-map the Nakhshir Par river is drawn as an emissary of the Lake 
Shiwa, but this is not correct. The lake have only a subterranean emissary in the Arakht valley. 
A watershed divide the drainage basin of the Lake Shiwa from that of Nakhshir Par (see pag. 352). 
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Gneiss and partially with the East Rabat Gneiss of the area situated between 
the lower Zardew and the Warduj rivers. 

In the central part of the surveyed territory intensely displaced and 
mylonitized granitoid and pegmatitic rocks prevail. Due to their lithologi- 
cal uniformity and the features characteristic of intense cataclasis and mylo- 
nitization, the rocks of the central part have been grouped in an unit distinct 
from the migmatite complex (Blastomylonitic and cataclastic granite and 
granodiorite). 

Westwards on, along the Nakhshir Par valley, massive granite and gra- 
nodiorite (Baharak Granodiorite) appear beneath a paraschists cover (Fig. 
32). They have sharp intrusive contacts with the paraschists, while they 
show gradual textural passage to the blastomylonitic granite and granodio- 
rite. 


Fig. 32 - Geological section 
across the contact between 
the granite (vy) the black sla- 






bi nena nm ee SYS tes (bs), and the grey sand- 
ee ee a eee ace ea stone (gs) on the right hand 
Wb gag eats te * side of the Darya Nakhshir 
Cee OE Bg Par (from Desio’s field book). 


The paraschists constitute the fourth unit, and are normally represent- 
ed by graphitic slate and fine-grained weakly metamorphosed graywacke, 
constituting a thick apparently monotonous sequence stretching for many 
kilometres to the west and south of the area. These low-grade metamor- 
phic rocks have been provisionally named Black Slates (Drsio, Martina & 
PasQuaRE, 1964). Near their contact with the granite and granodiorite the 
Black Slates show complex high-grade metamorphic transformations by 
which particular mineralogic associations were produced. 

The large scale structures recognizable in the surveyed area are a broad 
anticline with its axis trending NE-SW and crest lying to the east of the area 
where it lies parallel to a narrow, weakly folded syncline, and an important 
zone of fracture dislocation, oriented NE-SW, crossing the central part of 
the area. 

The migmatite complex and the blastomylonitic and cataclastic granite 
and granodiorite belong to the western limb of the anticline. The schistosi- 
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ty planes vary in strike from ENE to NNE in a westerly direction, while 
the inclination increases from 25° NNW to 70° WNW. As the fracture zone 
is approached the inclination becomes steeper until the schistosity is 
vertical or overturned to the south-east. At the same time the structure of 
the rocks becomes more and more evidently cataclastic and laminated un- 
til the rocks pass into mylonites and blastomylonites. These ones define 
the movement zone dividing the migmatite complex from the massive gra- 
nitic rocks. 

An other fault brings the Black Slates into contact with the granites 
and granodiorites outcropping in the western part of the region (Fig. 32). 
In the other zones contact between the granitic rocks and the Black Slates 
is not tectonic, but intrusive and characterized by an intensely injected zone. 
The Black Slates vary in strike from NE—SW to N—S and they usually dip 
westwards. The direction of dip locally changes to the south and east in 
the zone of contact with the granites and granodiorites. 


2.2. Migmatite Complex. 


FreLD OsservaTions. — Banded gneiss is the dominant rock type in 
the migmatite complex of the Kurkhu Gneiss (page 178). They show al- 
ternating light and dark bands measuring a few decimetres to a few metres 
across. The bands themselves are parallel or almost parallel to the general 
gneissosity and are also parallel with one another over considerable distance. 
A locally developed agmatitic complex, some tens of metres wide, is the 
exception to this. On the small scale each band often shows a subdivision 
into narrow bands rich in either colourless or dark minerals. The leucocratic 
bands vary from a few millimetres to a few centimetres in width, while the 
mafic bands are one to a few millimetres thick. Augen structures are com- 
mon, mostly in less heterogeneous banded gneiss. The darker bands, re- 
cognizable on the large scale and representing a more or less altered pa- 
lasome, are composed of amphibolite, garnetiferous amphibolite, and bio- 
tite-plagioclase gneiss. Gradations from these rocks to leucocratic banded 
gneiss and augen gneiss were observed in the field. The olo-leucocratic 
rocks, occurring as large layers and lenses, have quartz-feldspar compo- 
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sition, coarse to medium grain size and usually show a gneiss texture. They 
can be defined gneissose pegmatite, or better, according to MEHNERT’s termi- 
nology (1968) pegmatoid. The distribution of the structurally different 
migmatites exposed along the pathway from Arahkt to Kotal-i-Kurang (') is 
followingly outlined. The migmatite outcropping furthest to the east of the 
surveyed area, that is on the saddle between Lake Shiwa and Amu Darya 
valley, above the village Arakht, is a medium-grained banded gneiss, with 
biotite and a little garnet, containing small feldspar porphyroblasts. Gneis- 
sose pegmatite, which occurs in lenses and conformable bands up to half a 
metre thick, often containing oriented biotite-rich dark trails, intercalates 
the migmatitic gneiss. 

To the east of Lake Shiwa, more variable and heterogeneous migma- 
tite occur. The banded gneiss gradually becomes finer grained and more fe- 
mic; the striping disappears until only augen structure is present. Pegma- 
tite is always diffused and often unconformable with the foliation. 

With the occurrence of amphibolite as darker rocks, the migmatite is 
more heterogeneous and at the same time the foliation either disappears or 
becomes very irregular. Medium-grained amphibolite (metagabbro) con- 
stitutes irregular masses surrounded by pegmatitic and perhaps aplitic veins. 
This agmatitic complex is followed by gneiss composed of light-coloured 
bands and lenses regularly alternating with dark bands of amphibolite which 
are more or less transformed by metasomatism (smal sialic lenses and stripes 
are frequent in these rocks) or, more often, by massive coarse-grained 
garnetiferous amphibolite. Sometimes garnet is enriched at the borders of 
amphibolite lenses at the contact with the pegmatite. Augen or finely 
banded biotite or amphibole migmatitic gneiss alternate with the amphibo- 
lite and prevail westwards. 

An abrupt change of rock-type occurs near the spur projecting into the 
middle of northern coast of Lake Shiwa. Here the medium-grained mig- 
matitic gneiss is in contact with coarse-grained granitic or pegmatitic rocks. 
The rocks richer in mafic components (granitic augen gneiss) have a gneissic 
augen structure, the pegmatite being slightly foliated or massive. Most of 
these rocks are cataclastically deformed. 

The granitic augen gneiss is characterized by the presence of Jenses or 


(1) Kotal means pass. 
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eyes of potash feldspar composed either of single crystals or of porphyr- 
oblasts gathered togheter in groups. Quartz and plagioclase crystals are 
sometimes united with them, forming bigger lenses. In hand specimens 
these eyes and lenses have the appearance of pegmatitic concrections 
(Bantu, 1962). 

Relics of mafic minerals forming trails oriented parallel to the general 
foliation of the adjacent rocks remain in the pegmatite. 

Medium fine-grained dark rocks are frequently intercalated within the 
granitic augen gneiss. The most common types are_biotite-plagioclase 
gneiss which shows moderate variations of the crystals grain size together 
with variation of the ratio between colourless and dark minerals, being un- 
changed the composition of the rock-forming minerals. The thickness of the 
biotite-plagioclase gneiss is about 300 m. Basic amphibole rocks (fine- 
grained amphibolite, probably derived from plutonic rocks) are much more 
scarce, and occur as bands from 2 to 4 metres. 


PETROGRAPHICAL FeatTuRES. — a) Amphibolite, biotite-am- 
phibole schist. The amphibolite and garnetiferous amphibolite are 
coarse to fine-grained, dark green, massive rocks, characterized by a weak 
schistosity recognizable only under the microscope. 

Gamet-poor amphibolite can be identified as meta-gabbro both by tex- 
tural and mineralogical features. One sample (61 AP-17/4; Plate A, fig. 1) 
is essentially composed of green hornblende and zoned plagioclase (Amsa-21) (’). 
Quartz, as roundish grains included in the plagioclase, clinopyroxe- 
ne, iron-ore, biotite and garnet are also present together with small quanti- 
ties of apatite and zircon. Pyroxene (2Vy = 56-57"; c:y = 44°, with mo- 
derate dispersion) occurs as relics included in amphibole and largely re- 
placed by it. Ilmenite that is the most abundant accessory, is always sur- 
rounded by a reaction rim of small titanite crystals. The structure of these 
rocks is characterized by an even developement of amphibole and plagioclase 
and by only a vague orientation of the biotite flakes. 

The gametiferous amphibolite (61 AP-17/5) is darker in colour and 
coarser-grained than the rocks mentioned above. Its structure is slightly 
oriented, due to the alignement of garnet granoblasts in trains and the align- 


(1) All plagioclase compositions were determined with the universal stage using the zone method 
in sections [100] in albite twins. The diagram reported in Tricer (1959) was employed. 
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ement of sialic patches. The distinctive feature of the rock is the abun- 
dant content of garnet and its development as big roundish poikiloblastic 
crystals, that include unoriented scattered grains of all the other minerals 
of the rock, so suggesting to have grown under static conditions. The 
other essential components of the rock are hornblende, plagioclase 
(Anzs-27), quartz, biotite and iron-ore (mainly ilmenite). Well crystallized 
apatite and zircon also occur. The basic rocks outcropping in the western 
part of the area underlain by migmatites are represented by fine-grained bio- 
tite amphibole schist (61 AP-17/14). The mafic components of the rock 
are amphibole, biotite and sphene. The amphibole is a strongly coloured 
hornblende, with pleochronism, for y, bottle-green changing to brightly 
blue-green at the edges and also in smaller grains. It usually appears as 
well-developed, roughly oriented, poikilitic porphyrobkasts. The biotite, 
brown-green in colour, seldom transformed to chlorite and epidote, lies in 
undulating streaks which impart a weak foliation to the rock. The S»-sur- 
faces defined by biotite flakes lie at low angle with the chief schistosity 
and are marked also by a shattering of plagioclase and hornblende grains 
and the presence of well developed sphene crystals (Plate A, fig. 2). The 
chief leucocratic component of the rock is plagioclase (Anso-2s) which forms 
lenses made up of gathered granoblasts. Quartz roundish granules are in- 
terposed among them occasionally associated with pellucid potash feldspar 
of late origin. The same feldspar, in addition to quartz, is sometimes found 
within the plagioclase in the form of replacement blebs developed along 
the cleavages of the host and as small veins fitting microfractures in the pla- 
gioclase. In a preliminary way it can be supposed that the biotite-amphi- 
bole schist is the product of a local advanced metamorphism accompanied by 
biotitization of homblende in an amphibolite,. probably having as starting 
material a gabbro. 


b) Plagioclase-biotite gneiss (East Rabat Gneiss)(’). 
A distinct feature of these rocks with respect to some of the less hete- 
rogeneous banded gneisses having a comparable mafic content and struc- 
ture is their extreme paucity of potash feldspar, even in the most leucocra- 
tic types. Their mineral assemblage is simple and constant: plagioclase 
(oligoclase-andesine) quartz and biotite occur as essential components, while 


(1) See page 165. 
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apatite, allanite, zircon and, rarely, potash feldspar are the accessories. 

The proportions of biotite and colourless minerals, chiefly of quartz, as 
well as texture (chiefly grain size) vary considerably in the examined sam- 
ples (61 AP-17/12, /13, /6). Concurrently with an increase of sialic minerals 
the texture varies from medium fine-grained to medium-grained with an in- 
creasingly porphyroblastic (plagioclase-porphyroblastic) character (Plate A, 
figs. 3, 4). The structure is clearly gneissose. In the most leucocratic rock 
(61 AP-17/6) a vague banding, due to alternating bands more or less rich in 
biotite, is shown. In all the samples reddish-brown biotite and quartz as 
strained granules with jagged limits compose schistose streaks around large 
plagioclase crystals. A scarse matrix of small plagioclase and quartz 
grains is also interposed. The larger plagioclases occur as single crystals, 
albite and pericline often twinned, lacking of a prevalent optical orientation, 
sometimes with post-crystalline deformations. They contain very rare bio- 
tite and quartz inclusions, and are sometimes corroded by quartz. The pla- 
gioclase composition is slightly variable due to zoning (generally reverse) 
and ranges from 35-83% An in the more mafic rock to 32-30% An in the 
most leucocratic type. The potash feldspar occurs in very small quantity 
in the sample 61 AP-17/6 as blebs included in the plagioclase, and as in- 
terstitial small patches in the groundmass. At the contact with potash feld- 
spar the biotite flakes are fringed and bleacked. It seems evident that the 
plagioclase-biotite gneiss was derived from the same rock-type and by the 
same process in more or less advanced stages. The parent rock should be a 
paragneiss (metagraywacke). The variations in structure and modal composi- 
tion in the studied samples and the slight increase in the Ab content of the 
plagioclase suggest a progressive plagioclase blastesis accompanied proba- 
bly by Na-metasomatism and silicization, namely a metasomatic process (M1- 
scH, 1968). 


c)Banded gneiss (Kurkhu Gneiss). It is the predominant 
rock type in the migmatite complex. From the mineralogical point of 
view, it is characterized by the presence of biotite as the essential mafic 
component (with the exception of a rock where the amphibole is promi- 
nent), of potash feldspar (orthoclase) and myrmekite. The plagioclase is in- 
variably of oligoclase composition (about 20 to 30% An), but becomes albitic 
in borders or reaction rims against the potash feldspar. The texture of these 
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rocks are alwaye gneissose even in the lithologic types richer in colourless 
components (Plate B, figs. 1, 2). 

A fine-grained garnet-bearing migmatitic biotite gneiss (61 AP-17/3) with 
a banded augen structure, is representative of types poorer in sialic compo- 
nents. Plagioclase (Anso-z), orthoclase (2Va = 38°-50°), and quartz are, 
present in the darker schistose bands, and also form thin discontinuous lay- 
ers which sometimes widen into small « eyes.», composed of larger plagio- 
clase crystals. The biotite has a strong brownish-red pleochroism and oc- 
curs as small frayed flakes, oriented parallel to undulating surfaces. Near 
the garnet the mica shows a green colour. Gamet is developed as irregu- 
larly shaped poikilitic grains. The plagioclase crystals contain roundish 
quartz inclusions and replacement string perthites of potash feldspar. They 
show weak deformations and are sometimes crossed by thin veins filled 
with quartz, myrmekite and biotite. Myrmechite borders are often found 
around the plagioclase at the contact with potash feldspar. Sometimes, 
instead of myrmekite there is a thin border of untwinned albite. Allanite 
is prominent among the additional minerals. Apatite, zircon, iron oxides 
and sagenitic rutile, segregated from biotite, also occur. 

Gamet-free migmatitic gneiss generally less mafic than the rock de- 
scribed above, is the most frequent rock types. Progressive increase in sia- 
lic components, mainly potash feldspar, produces a medium-grained migma- 
titic gneiss with augen banded (61 AP-17/1) or banded (61 AP-17/11) struc- 
ture. The mineral composition is comparable with that of a granodiorite. 
In the augen banded gneiss there is as rather uniform distribution of bioti- 
te and sialic components, forming narrow undulating, discontinuous streaks 
and wider bands or lenses, respectively. 

The migmatitic banded gneiss is poorer in biotite and shows a sharper 
division between the biotite-rich and quartzose-feldspathic bands. The min- 
eral association is always plagioclase (Anz7-23), potash feldspar (sometimes 
with typical microcline twinning), quartz and biotite. Allanite occurs in 
addition. The plagioclase crystals are sometimes fractured and cemented 
by quartz or chlorite, while corrosion by quartz and potassium feldspar is evi- 
dent; myrmekite always occurs near the latter. 

Only one sample of banded amphibole-bearing gneiss (61 AP-17/7) 
was examined. Macroscopically the rock shows a very regular and fine band- 
ing and a rather fine grain size. The sialic layers, with granoblastic texture, 
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are composed of quartz, plagioclase (Anz7-1) and orthoclase (2Va = 40°). 
The quartz occurs in ribbon-like flattened lenses parallel to the schistosity, 
composed of unoriented granoblasts. Also the feldspars have a marked 
orientation and a lenticular shape. In the dark bands, hornblende and brown. 
ish green biotite, occasionally chloritized, occur in equal proportion toghe- 
ther with small plagioclase and quartz grains. Apatite, zircon, and iron 
oxides are the accessory minerals; otherwise then in the other migmatitic 
gneisses allanite is lacking. 


d) Augen gneiss (Kurkhu Gneiss). The most sialic rock 
of the migmatite complex, occurring as bands or big lenses intercala- 
ted in the migmatitic banded gneiss, usually with very sharp contacts, is re- 
presented by augen gneiss corresponding in mineralogy to granite and grano- 
diorite. The coarse grain-size and the more or less evident porphyroblastic 
texture of this rock are the principal features that distinguish them from 
the most leucocratic banded gneiss. The schistosity is defined by biotite 
streaks and in rare cases also by quartz pseudoschistose bands. The fre- 
quence and development of feldspar porphyroblasts and the distribution of 
sialic and mafic components are rather variable in this group of rocks. 

The most homogeneous granitic gneiss (sample 61 AP-17/8) is porphy- 
roblastic due to the presence of large individuals of plagioclase (Anzs-2s) 
and of perthite-poor orthoclase (2Va = 56°). There are also large 
quartz patches. The matrix is schistose due to oriented biotite la- 
minae and small strained quartz granules; it is essentially composed of oli- 
goclase, myrmekite, quartz and potash feldspar, the latter generally perthi- 
te-free and interstitial with respect to the other components. The largest 
plagioclase crystals are frequently replaced, at different stages of devel- 
opment, by potash feldspar and quartz, and show fractures filled with quartz, 
albite, potash feldspar and biotite. The largest potash feldspar individuals 
often include plagioclase as relict myrmekite-rich corroded crystals or as 
small grains showing a reaction border composed of albite. Albite itself 
occasionally occurs as thin strips in contact with potash feldspar. Another 
rock (sample 61 AP-17/9) similar in mineralogy to the above described 
rock, but with a very heterogeneous distribution of sialic and mafic compo- 
nents, shows an interesting example of metamorphic differentiation and so- 
me analogies with the pegmatite gneiss. In hand-specimen (Plate B, 
fig. 3) feldspar « eyes » and lenses of variable size up to some centimetres 
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in size are apparent. The matrix is scistose and rich in biotite. The larger 
feldspar lenses are composed of one or a few potash feldspar crystals contain- 
ing inclusions, mostly of quartz, and generally bordered by mirmekite. They 
could be interpreted, like pegmatitic concretions formed in the gneiss by 
a metamorphic differentiation process (EsxoLa, 1932; Bartu, 1962). The 
potash feldspar crystals (Plate B, fig. 4) show fractures along which patches 
with a faint cross-hatched twinning occur. The optic axial angle is strongly 
variable in different parts of each crystal, from 60° to 80° about, and at- 
tains the maximum value in correspondance to the twinned zones with cross- 
hatched pattern. The feldspar can be interpreted as orthoclase going to 
transform into microcline. The feldspars composing the smaller « eyes » 
are either orthoclase (2Va = 53°-54’) or oligoclase (Anzs). The matrix is 
composed of quartz, plagioclase, interstitial potash feldspar and _ biotite, 
and is characterized by largely variable proportion of biotite and sialic min- 
erals closely connected to changes in abundance and size of porphyro- 
blasts. Myrmekite is frequent. Among the minor component there are 
apatite and allanite, as well developed, randomly scattered, crystals. 


e) Pegmatite. The pegmatite occurring as major concordant 
bands and lenses (samples 61 AP-17/1a;-12/10). is coarse-grained, gneissose 
in texture and contains potash feldspar, plagioclase quartz and micas. The 
potash feldspar, represented by perthite-poor orthoclase (2Va = 53’), is 
prominent. Quartz and sericitized plagioclase occur in subordinate amount. 
The latter is largerly corroded by the potash feldspar till to be set in it as 
relics, biotite is concentrated in small bands surrounded by a granoblastic 
aggregate of quartz and plagioclase showing considerable myrmekites. Si- 
milar quartz plagioclase aggregates are found among the larger microper- 
thite individuals. 

A gneissose pegmatite (sample 61 AP-17/2) contains a few unoriented 
muscovite laminae, included in the potash feldspar. Some ill-shaped flakes 
show an evident derivation from plagioclase. 


RELATED FoRMATIONS. — There is some uncertainty in stating a cor- 
respondance between the migmatite complex in the Lake Shiwa area and 
the similar metamorphich formations recognized by Drsio, MarTina AND 
PasguarE (1964) in other sites of Central Badakhshan; for this reason no 
formal name was employed to define the unit under study. In its geolo- 
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gical position, though complicated by the occurrence of an intensively tec- 
tonized belt separating it from the Baharak intrusives, the migmatite com- 
plex seems to correspond to the Kurkhu Gneiss and Tarang Gneiss which 
form respectively the outer and discontinuously the inner country rocks 
along the eastern southern side of the great Baharak pluton. Petrographi- 
cally there are many similarities between the rocks of the migmatite com- 
plex and the banded and augen migmatitic gneisses from the lower part of 
the Kurkhu Gneiss and the more heterogeneous migmatites belonging to the 
Tarang Gneiss, the dark band composed of various amphibolic rocks are 
also common to all these units. A noteworthy difference with respect to 
the Kurkhu Gneiss consists in the total absence of sillimanite within the 
metasome: if sillimanite should be ubiquitous in the Kurkhu unit, it should 
imply either a lower metamorphic degree, or a primary compositional fea- 
ture of the original metasedimentary rocks undergone migmatization, that 
is a lower Al content. 

The plagioclase biotite gneiss of the same complex can be attributed 
to the northern edges of the East Rabat Gneiss outcropping in the Upper 
Kurkhu valley. 


2.3. Blastomylonitic and Cataclastic Granite and Granodiorite. 


FIELD OBSERVATIONS. — An extensive granitic sequence, containing 
intercalations of basic rocks and paraschists, and characterized by a strong 
dynamic metamorphism of the rocks, is interposed between the migmatite 
complex and the granite and the granodiorite. This belt, hundreds of me- 
tres thick, stretches from the middle of the northern coast of Lake Shiwa 
to the mouth of the Ab Ziyan valley. The rocks in this complex do not dif- 
fer considerably, apart from their intense deformations, from the granitic 
augen gneiss present among the migmatite. Some basic rocks are also si- 
milar to the amphibolite intercalated in the same complex. The sequence, 
however, differs from the migmatite complex in its rather monotonous and 
uniform composition. Passage to the migmatite is defined by variations 
in the structure of the rocks. Passage to the massive granite and grano- 
diorite is gradual by way of a rather wide zone in which the schistosity and 


242 GEOLOGY OF THE LAKE SHIWA AREA 


cataclasis decrease in intensity and eventually disappear. The inclination 
of the schistosity planes at first very steep or even vertical, concomitantly 
decreases. 

Near the contact with the migmatite, the prevailing lithologic types 
are coarse-grained cataclastic chlorite-bearing granite and pegmatite and 
biotite augen gneiss containing feldspars up to a centimetre in size. Well 
laminated amphibolite and mafic biotite gneiss still alternate the granitic 
gneiss as in the migmatite complex. Further on, basic rocks frequently al- 
ternate with sialic rocks, the latter occurring in variously oriented veins and 
in apophyses. The only heterogeneous migmatite of this unit are so pro- 
duced. Two other basic bands, about ten metres in thickness, are interca- 
lated in the blastomylonitic gneiss. They are all meta-igneous. 

The granitoid augen gneiss, which is the most common rock type and is 
rather uniform in mineralogy, is coarse-grained and have a cataclastic to 
blastomylonitic texture. It contains porphyroclastic feldspars up to some 
centimetres in size and mainly lenticular shaped. More leucocratic rocks 
represented by cataclastic to blastomylonitic pegmatite and aplite, are asso- 
ciated. 

Farther westward along the coast of Lake Shiwa the deformation is at 
its most intense stage: the schistosity planes vary from vertical to over- 
turned. West of this highly deformed band granite and granodiorite, cha- 
racterised by progressively weaker deformation special rock types sequence. 

Highly metamorphic paraschists, containing sillimanite and garnet, are 
locally intercalated in the granitic rocks with tectonic contacts, as bands not 
more than one metre in width. 


PETROGRAPHICAL FEATURES. a) Augen gneiss, cataclastic 
and blastomylonitic pegmatite and aplite. Augen 
gneiss is distinguished by the presence of porphyroclasts, or phenoblasts, of 
plagioclase and potash feldspar in a fine-grained, usually schistose ground- 
mass composed of quartz, biotite and/or chlorite and by minor proportions 
of plagioclase and potash feldspar. Iron oxides, apatite, zircon, allanite and 
sphene are invariably present in addition. The most developed feldspar in- 
dividuals are from a few millimetres to a few centimetres in size. In hand 
specimen they are white, or rose coloured. The latter colour is typical of 
potash feldspar in rocks of pegmatitic appearance. The matrix, present in 
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variable proportions in relation to the intensity of the deformations and of 
the recrystallization, is whitish-grey or whitish-green in colour in the most 
sialic rocks, and dark-grey in those richest in biotite and in most strongly 
laminated. The presence of biotite is characteristic of those rocks in which 
intense crystalline blastesis affected not only the minerals of the ground- 
mass, but also partially recrystallized the larger feldspar individuals. The 
presence of potash feldspar occupying the finely granular grounds mass, and 
the often considerable amount of myrmekite indicate either post-tectonic 
crystallization or late introduction of alkali material. Despite the intense 
recrystallisation the effects of deformation are recognizable at every stage, 
but the imprints of both processes alternatively prevail, as is shown by fa- 
bric and by some mineralogical features of the rocks. A highly deformed 
blastomylonitic biotite gneiss (61 AP-17/20) contains porphyroclasts of 
plagioclase, showing a normal slight zoning (Ansz-s») and smaller pheno- 
blasts of perthitic microcline wrapped around by pseudoschistose quartz lay- 
ers and biotite streaks (Plate C, fig. 1). A fine-granulated matrix composed 
of plagioclase, quartz and microcline and some myrmekite is interposed 
between the schistose layers. The most developed plagioclase porphyro- 
clasts are often broken down into fragments, each showing a slight rotation 
of the twin planes with respect to the adjacent, which are cemented by 
quartz and non-perthitic microcline. The larger microcline individuals con- 
tain a variable amount of thread perthites and have generally irregular or 
lenticular shape: they are slightly deformed, very limpid and lacking in in- 
clusions of other minerals of the rock. The presence of sphene, often 
well crystallized, occurring within the biotite streaks or as scattered grains 
in the granular matrix is another peculiar feature of these strongly deformed 
rocks. 

In less deformed biotite-bearing blastomylonitic gneisses (61 AP-17/16) 
the plagioclase porphyroclasts are unzoned (Anse) and include sometimes mi- 
crocline as rod or patch perthites, while the larger potash feldspar crystals, 
up to 0,5 cm in size, have a rather regular shape and are very poor or lacking 
in perthites. They are usually surrounded by a quartz-feldspar aggregate, 
very rich in myrmekite. In the peripheral parts of the crystals the potash 
feldspar penetrates into this aggregate and appears divided into close grains, 
slightly differing in their optical orientation (Plate C, figs. 3, 4). There is thus 
a stage of recrystallization with growth of feldspar individuals from smaller 
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granules. In the matrix the quartz is partially recrystallized, and microcline 
and myrmekite are rather abundant. Sphene does not occur, while ilmeni- 
te is found in association with biotite. 

An other blastomylonitic augen gneiss (61 AP-17/15,/22 and /24) of 
more sialic type essentially differs trom the rocks described above in contain- 
ing potash feldspar almost as abundant as plagioclase, and fewer mafic 
minerals, represented by chlorite derived together with sphene, iron oxides 
and white mica, from original biotite of which relics are still recognizable. 
Owing to the scarsity of chlorite, which does not wrap the large feldspars, 
but is mostly scattered in small patches or set along fractures, these rocks are 
less schistose than the mafic types. The effects of the strong deformations 
are indicated both by the granulation and the stretching of quartz and by 
the frequent fractures in the large feldspars. In one sample (61 AP-17/24) 
the mylonitization of the rock was followed by a distinct cataclastic pro- 
cess, which produced fractures cross-cutting both the large feldspars and the 
matrix. The fractures are filled with quartz, chlorite, and potash feldspar, 
giving way to sharply defined and often intersecting veins. Potash feldspar 
occurring in veins is clearly distinct from the feldspar which it crosses, 
both, in its lack of perthites and in its different optical orientation, or in its 
granular texture. Perhaps concomitantly with the cataclasis and the depo- 
sition of minerals in fracture there was also an extensive alteration of pla- 
gioclase into sericite. The latter mineral occurs as flakes oriented parallel 
either to the (010) and (001) planes in the host mineral, either to the schisto- 
sity planes. 

Rocks of an even more sialic type, showing various stages of deforma- 
tion like the granitic augen gneiss, with which they are intercalated, are re- 
cognizable both by their mineralogy and by relict texture as being derived 
from true pegmatite and aplite, the latter garnet or muscovite-garnet-bearing. 

A blastomylonitic pegmatite (61 AP-17/19) essentially differs from the 
pegmatite intercalated in the migmatitic complex and from the more sialic 
augen gneiss in its finer grain-size and the absence of dark mica. The only 
coloured minerals are garnet, and tourmaline. Among the feldspars pla- 
gioclase of albite-oligoclase composition (about 10% An) is predominant. 
The potash feldspar is represented by perthitic microcline. The plagioclase 
is largely corroded by the potash feldspar, and borders of albite or of myr- 
mekite are present at contact between the two feldspars. Quartz occurs as 
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flat lenticles or ribbons composed of strained grains. Both the plagioclase 
and, at lesser extent, the potash feldspar individuals are fractured and ce- 
mented by quartz, albite and white mica (Plate C, fig. 2). The tourmaline, 
originally in large roundish blue-green crystals, is often dismembered in splint- 
ers recemented by quartz. Gamet too is fractured and often shows retro- 
grade transformation being replaced along the fractures by chlorite and 
white mica as fine-shaped aggregates. 

The blastomylonitic muscovite aplite (61 AP-17/25) is essentially com- 
posed of oligoclase (Anzs), perthite-poor potash feldspar (orthoclase with 2Va 
= 52’ partly transformed to twinned microcline) muscovite and quartz; there 
is also a small amount of gamet and chloritized biotite. The texture 
of the rock is strongly foliated due to the parallel arrangement of the musco- 
vite flakes and the frequent occurrence of quartz in parallel streaks com- 
posed of crushed and strained grains. The muscovite laminae are bent and the 
feldspars are fractured as a result of deformation. Moreover reactions be- 
tween minerals and diafthoritic transformations frequently occur. The pla- 
gioclase is corroded by potash feldspar, feathery muscovite is developed at 
the border of the large muscovite laminae by reaction with the potash feld- 
spar, and garnet is partly chloritized. Late albite occurs as thin veins. 

Analogous mineral transformations and reactions are also seen in the 
blastomylonitic garnet-biotite aplite (61 AP-17/27). The rock is essentially 
composed of microperthitic microcline, oligoclase, quartz, and, in smaller 
quantitaty, of gamet and biotite. The structure is partly metamorphic, but 
some features of an aplitic structure are still preserved. The biotite flakes 
show a parallel arrangement and form thin and discontinuous parallel 
streaks; small garnet grains, probably derived after crushing of larger crys- 
tals, are similary alligned. 


b) Metagabbro, garnet-sillimanite schist. The ba- 
sic rocks outcrropping in the farther eastern part of the mylonitic belt, 
show some analogies with some amphibolites intercalated in the migmati- 
te complex. They are, medium fine-grained, poorly schistose and slightly 
cataclastic. The essential mineral assemblage is calcic plagioclase, often 
zoned (Ansz-s0), green hornblende and biotite; additiorial components are 
quartz, iron oxides, sphene, apatite, and chlorite. The plagioclase is mostly 
subhedral, with elongated habit, and occurs as randomly oriented laths. 
The amphibole is present as prismatic subhedral to anhedral individuals. 
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The association between the feldspar and the amphibole gives way to a struc- 
ture similar to that of a microgabbro or diabase. The calcic composition of 
the plagioclase and its marked zoning are also indicative of an igneous ori- 
gin. As a consequence of metamorphism plagioclase locally recrystallized 
as granoblasts of andesine composition, and some biotite was formed at the 
expence of the amphibole. 

The coarse-grained metagabbro (61 AP-17/23, /23 a) is massive, and 
strongly spotted by coloured and colourless components in hand specimen. 
The mineral association is plagioclase (Ans2-s0) and hornblende; quartz, bio- 
tite an sphene occur in small amount. The texture of the rock is variable 
from point to point: plagioclase and amphibole mostly occur as large anhe- 
dral crystals, but locally fine-grained patches composed of plagioclase gra- 
noblasts, with sutured boundaries, and small biotite flakes are developed. 
Cataclastic effects are evident: the fractures are partially obliterated by re- 
crystallization or filled with biotite and sphene. The plagioclases are al- 
ways turbid and twinned according to the albite law. The larger individ- 
uals show often a normal zoning and the pericline twinning. They are 
moderately deformed and partially recrystallized along fracture. Hornblen- 
de, strongly coloured (a = pale yellow-brown, 8 = brown-green; y = grass- 
green) and with schiller structure, include scattered biotite flakes and sphe- 
ne grains. At contact with quartz-chlorite patches (probably original amyg- 
dales) the hornblende is fringed by acicular actinolite. Occasionally thu- 
lite occurs included in hornblende and surrounded by a brown pleochroic ha- 
lo. 

The paraschist (only one sample, 61 AP-17/21, intercalated within blasto- 
mylonitic gneiss could be examined) is similar to the Black Slates at the contact 
with the Baharak Granodiorite). The rock is fine-grained, dark grey in 
colour, and is essentially composed of quartz, biotite, muscovite, sillimanite 
and a little garnet. It also contains small quantities of tourmaline, zircon, 
iron oxides and apatite. The texture is slightly schistose and evidence of 
cataclasis is given by deformation of all the minerals, particularly the quartz, 
which occurs as small sutured granoblasts with strong undulatory extinction. 
Also the garnet granoblasts are fractured. Sillimanite is chiefly represent- 
ed by the fibrolite variety, occurring in closely packed bundles of fine nee- 
dles roughly parallel, and often enclosed in quartz and biotite. Less fre- 
quently the sillimanite occurs as larger and more distinct crystals probably 
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formed by recrystallisation of fibrolite. Notwithstanding the occurrence of 
high-temperature metamorphic minerals, the structure of the rock is charac- 
terized by a still preserved bedding and a relatively fine-grain size. These 
features suggest that the preferred orientation of minerals in the rock is 
due to mimetic crystallisation (Spry, 1969) caused by a purely thermal ac- 
tion. The rock can therefore be interpreted as a high-grade pelitic contact 
schist. 


RELATED Formations. The blastomylonitic granite and granodiorite 
seem to represent the highly tectonized equivalent of the Tarang Gneiss oc- 
curring to the south-west of the Lake Shiwa area at contact with the Baha- 
rak intrusion. Notwithstanding the strong dynamic metamorphism, the 
rocks of this unit can be attributed to an original intrusive or meta-intru- 
sive acid complex like the Tarang Gneiss of the adjacent area. The super- 
posed changes due to the dynamic metamorphism did not completely obli- 
terate the primary features of the rocks chiefly as a consequence of the con- 
current large, also if not complete, recrystallization and of the variable in- 
tensity of deformation. 


2.4. Baharak Granodiorite. 


Fietp OsseErvaTions. Granodiorite and granite occur as masses with 
rather limited outcrop in the surveyed area, representing the northern ex- 
tension of the vast area of plutonic rocks to the south and south-west of 
the region along the Zardew and Warduyj valleys as far as Baharak. 

In the southern part of the surveyed area the plutonic rocks outcrop con- 
tinuously so that they can be ascribed to an unique body. In the north- 
ern part they occur as stocks and sills. The outcrop of these rocks can be 
followed for about 10 km in their longest direction. The contact of gra- 
nite and granodiorite with the blastomylonitic and cataclastic augen gneiss 
was surveyed in detail, and the most significant rock types were sampled. 
Sampling was less frequent in the intrusive bodies and at the contact with 
the surrounding schists. Insufficient data, therefore, are available to indi- 
cate the distributional relationships between granodiorite and granite. Ob- 
servation made in the field and the available information on the location of 
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samples indicate that granite forms the lesser extensive and clearly injected 
masses. 

Granodiorite occurs west of the blastomylonitic augen gneiss, into 
which it grades by progressive decrease in cataclasis and disappearance of 
schistosity. 

Along the sides and bottom of the Nakhshir Par valley, the granodio- 
rite is in contact with paraschists (Black Slates). These schist form the root 
of the plutonic bodies over a limited area, and are strongly metamorphosed 
at the nearest contact with the intrusive rock, being represented by garnet 
and staurolite-bearing biotite parascists and two-mica schists, locally con- 
taining nodules and ligth coloured lenses, that will be described later. In 
spite of their high-grade metamorphism, these rocks are rather fine-grained, 
so that they can be compared to the low-grade schists outcropping farther 
away from the intrusive bodies. 

A more or less intensely injected zone, up to 200-300 m thick, was ob- 
served between the intrusive rocks and the surrounding schists. The injec- 
tion zone is quite always present on both sides of the Nakhshir Par valley 
and as far as the Kurang pass. Unfortunately no sample was collected 
from this zone. In the farther western part of the region, the contact with 
paraschists is very sharp, locally due to faulting. Here the most intensely 
metamorphosed Black Slates were found. 


PETROGRAPHICAL FEatuRES. Granodiorite and granite are coarse to me- 
dium-grained with a slightly porphyric structure, due to the presence of 
larger feldspar crystals. Their texture is massive and only a moderate 
cataclasis is recognizable. Most of them are strongly weathered. 

The most mafic rock type is a biotite granodiorite containing some am- 
phibole (62 AP-16). Amphibole, represented by a green hornblende, is large- 
ly transformed to biotite in which it is often included as relic. The sia- 
lic minerals are represented by plagioclase, the original composition of which 
it is impossible to determine due to complete saussuritization, by quartz, 
and by scarce potash feldspar. The plagioclase is subidiomorphic and cor- 
roded at rims by the potash feldspar. The quartz shows a granoblastic 
structure. The potash feldspar occurs either as small interstitial patches 
between plagioclase crystals, or, in a greater amount, as veins filling frac- 
tures in plagioclase, or as narrow films surrounding and cementing small 
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splintery quartz grains. Some veins within plagioclase appear to have been 
enlarged by replacement. In whatever occurrence the potash feldspar is 
untwinned and perthite-free. As accessory minerals apatite, zircon and 
sphene occur. 

Dark nodules (schlieren) measuring a few centimetres, are present in the 
rock. They are composed of hornblende-biotite microgabbro containing 
some well-developed plagioclase crystals with poikilitic structure due to in- 
clusions of biotite and amphibole, and often transformed to epidote in their 
centres. The composition of these larger plagioclases ranges from 38% to 
30% An. The mafic minerals are closely associated: biotite is mostly formed 
by transformation of homblende, in this case an intensely brown-green co- 
loured term. The biotite laminae are often twisted and are bordered by tita- 
nium and iron oxides and granular sphene. Many thin late veins of potash 
feldspar, iron oxides, sphene and chlorite are present in the rock. 

In another granodiorite sample (61 AP-15) less weathered than that de- 
scribed above a larger content of potash feldspar is present, while amphibo- 
le (a green hornblende) is very scarce. Plagioclase is andesine (Ansz-s) up 
to albite-oligoclase (Anis-10); along narrow borders in contact with potash 
feldspar it includes sometimes small ovoidal patches of microcline showing 
a well-developed cross-hatched twinning. Potash feldspar occurs as intersti- 
tial patches of various size, including all the other minerals and replacing 
plagioclase. Biotite, slightly chloritized and reddish-yellow in colour due 
to alteration, is partially replaced by albite, microcline and epidote (clinozoi- 
site in radia] fan-shaped aggregates) together with finely granular sphene; 
the feldspars and the epidote occur as lenticular patches along the cleavage 
planes of the host. In this rock also there are frequent late veins of quartz, 
albite, biotite and potash feldspar which are intersected by younger veins 
composed of clinozoisite. 

Granite, of which a sample was taken near the most westerly contact 
between the intrusive rocks and the paraschists along the Nakhshir Par val- 
ley (61 AP-11), is a monzo-granite type (STRECKEISEN, 1967). Among the es- 
sential mineral components are quartz, extensively sericitized plagioclase 
and microperthitic microcline, which is slightly more scarce than plagioclase 
and occurs in individuals with a porphyric appearance showing Karlsbad 
twinning and including the other minerals at their margins. Plagioclase is 
sometimes replaced by quartz. Conspicuous myrmekites occur in small 
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plagioclase crystals surrounding potash feldspar. The coloured mineral of 
the rock is chlorite, associated with white mica and sagenitic rutile, evidently 
derived from biotite by alteration. Among the accessory minerals allanite 
occurs in well developed crystals, slightly zoned and included in plagio- 
clase. Feldspathic veins and chlorite and sericite veins are frequent, as in 
granodiorite. 

The final rock of this group is of granitoid type (61 AP-17/26), similar 
in composition and texture to the adjacent massive granodiorite, but possess- 
ing some features of a metamorphic rock, both in the textural relationships 
of the individual minerals and in the presence of a slightly oriented struc- 
ture. Potash feldspar (microcline microperthite) occurs as large rounded crys- 
tals (augen) while plagioclase exhibit rather irregular shape. Plagioclase 
is albite-oligoclase, with slightly variable composition due to zoning. The 
essential mafic mineral is brown biotite. Albite and sphene are additional 
minerals, both of late generation; apatite, zircon and tourmaline are also pre- 
sent. Iron oxides otherwise than in granodiorite are lacking. The feldspars 
show evidence of cataclasis and are concomitantly recemented by various min- 
earls (quartz, non perthitic potash feldspar, albite and biotite), probably in- 
troduced at different stages. Quartz on the other hand is undeformed. Pla- 
gioclase is often replaced by potash feldspar either at rims or within the crys- 
tals. Myrmekite occurs at the contact of plagioclase with potash feldspar. 
The fractures in plagioclase are partly obliterated by recrystallization of a 
more sodic feldspar (Ans), partly are filled with a fine-grained aggregate of 
quartz, biotite and alkali feldspar. The relative amount of the above named 
minerals varies within different intersecting veins. Crystalline _ blaste- 
sis in potash feldspar gives rise to discontinuous intersecting veins of various 
size, the larger ones being composed both of quartz with mosaic structure, 
or of non perthitic potash feldspar, quartz and myrmekite, the smaller ones 
being composed of very fine-grained quartz and albite. It is noticeable 
that the veins are only developed within the feldspars, and that they do not 
occur within the interstitial patches of quartz. This quartz possesses a mo- 
saic texture so that it can be ascribed to postkynematic recrystallization. Bio- 
tite occurs mainly as flakes of various size with crystalloblastic appearance, 
asssociated in nests and small lenses, which sometimes sorround the feld- 
spar, but which more often are included in quartz patches. Sphene occurs 
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in granules bordering the biotite and formed at the expense of the mica; it 
composes also small irregular veins. 


2.5 Black Slates (°). 


PETROGRAPHICAL FEATURES. Normal Black Slates are rather uniform 
in composition and degree of metamorphism. The most common _ rock 
types are pelitic black slates often containing dust graphite, and semischists, 
grey to black in colour according to the grain size and the graphite con- 
tent, and generally possessing a distinct slaty cleavage, except those coarser- 
grained derivatives of sandstones. The mineral assemblage of these rocks 
is quartz, sericite and chlorite, with variable ratio between quartz and the 
other components. The arenaceous rocks also contain plagioclase. Ad- 
ditional minerals include zircon, apatite, ilmenite, rutile and tourmaline. 
The derivation of Black Slates from fine-grained graywacke and from silt- 
stones and clayey silstones is easily recognizable. 

Black Slates of higher metamorphic grade, found in the zone of con- 
tact with the plutonic rocks, shows a greater variety in their mineral assem- 
blage. These rocks are completely recrystallized, and contain a few new 
minerals, though in small amount. The rocks are usually fine-grained and 
with markedly schistose texture. 

Rocks with the simplest mineralogy are a muscovite-biotite schist (61 
AP-13a) and a staurolite-bearing garnetiferous quartz-biotite-muscovite schist 
(61 AP-13). The first sample is characterized by irregular light and dark 
bands, some millimetres in width, where biotite, represented by a red colour- 
ed variety, and muscovite alternatively prevail. The mica laminae mostly 
show a decussate texture and only a vague preferred orientation. Very 
scarce components of the rock are quartz, plagioclase, tourmaline and iron 
ore. Plagioclase, of oligoclase composition, occurs in small turbid grano- 
blasts. The second sample is characterized by a rather fine-grain size of 


(1) Different tvpes of black slates were described in other sections of this work, like the 
Farkar Slate, the Furmoragh Slate atc. The most similar type to the slates of Lake Shiwa area 
seems to be represented by the Feurmoragh slates, but no particular investigation on this ques- 
tions was made during the geological survey; therefore we prefer to describe separately the black 
Slates of this area. 


252 GEOLOGY OF THE LAKE SHIWA AREA 


both quartz granules and reddish biotite and muscovite flakes and by plenti- 
ful of dust opaque grains which impart a turbid appearance to the ground- 
mass. Staurolite is present in small amount as isolated poikloblasts about 
1 mm in size, often twinned and which show a preferred orientation paral- 
lel to the schistosity. The garnet occurs as small porphyroblasts, 0,5-1 mm 
in size, containing roundish quartz inclusions. 

The most interesting rocks in the group under study were found about 
3 km downstream from Kurang pass in the nearest contact with granodio- 
rite. They are garnetiferous quartz-biotite-graphite contact schists, contain- 
ing moderate amounts of fibrolite, muscovite and staurolite (61 AP-12) and 
garnetiferous biotite-muscovite-quartz-graphite contact schists with (61 AP- 
12a,-14a,-14b) or without (61 AP-14c) staurolite in their groundmass. The 
first named rock types essentially differ from the latter in their greater pro- 
portion of quartz with respect to micas. All these rocks contain light no- 
dules with square or cruciform sections (61 AP-12a, -13a, -14b, -14c) or rod- 
shaped volumes (61 AP-12) composed of kyanite, muscovite, staurolite, an- 
dalusite, fibrolite and sillimanite (') and, in samples 61 AP-12, -12a, of 
quartz and cordierite. The latter mineral is very scarce and totally absent 
in the ground-mass. Staurolite and the three aluminum silicate polymorphs 
may all coexist in the same volume; sometimes, however, sillimanite and/ 
or andalusite may be lacking. The ground-mass of these rocks is fine- 
grained with planar or undulating scistosity: in both cases the schistosity is 
marked by the arrangement of the mica flakes, mainly muscovite, and by 
the disposition of the opaque grains. Folding results to be sincrystalline as 
to the muscovite and pre- to sincrystalline as to the biotite. The dark mica, 
in fact, occurs either as small flakes associated with muscovite with paral- 
lel arrangement, either as more developed flakes which lie oblique or trans- 
verse to the schistosity. The difference between the two types of biotite is 
not marked because it is possible to find lamine of intermediate size and 
orientation. The garnet generally occurs as porphyroblasts, about 1-3 mm 
in size, with turbid cores due to opaque dusty inclusions, and massive in- 
clusion-free borders, probably resulting from overgrowth. Apatite, zircon 


(1) The terms sillimanite and fibrolite are referred to the sillimanite occurring as squat prims 
and as mats of fine needles, respectively, which are generally retained to represent two distinct 
phases (CHINNER, 1961; HoLLister, 1969), possibly differing in their composition and/or crystal struc- 
ture (ZEN, 1969), 
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and ilmenite are constantly present as accessories while tourmaline (a brown- 
green variety) occurs in only one sample (61 AP-12). 

The above mentioned rod-shaped volumes are moderately developed 
both perpendicular to and within the schistosity surfaces. In the samples 
with planar schistosity they protrude in the schistosity planes, as randomly 
oriented rods a few centimetres long. They are oval or spindle-shaped in 
section. In other samples, which are richer in biotite and generally folded, 
the nodules 0,5 cm to 2 cm in size, have regular geometrical out- 
lines: they are either square or greek-cross shaped (Plate D, figs. 1, 2, 
3). In this case the schistosity is sharply crossed-out by the nodules, perpen- 
dicular to the lineation. At the opposite edges the schistosity has a trend 
conformable to the nodules. A folded sample (61 AP-14c) contains nodules, 
with approximately square section which are slightly rotated in conse- 
quence of folding; in this respect there is an asymmetry to the schistosity 
surfaces in sections perpendicular to the lineation (Plate E, fig. 1). Near 
the border outside of one nodule composed of muscovite and of minor 
amounts of kyanite and staurolite, andalusite occurs as porphyroblasts pale 
pink in colour poikilitically including the minerals of the groundmass, par- 
ticularly opaque grains and mica flakes (Plate E, fig. 2). The inclusions 
show a parallel rectilinear arrangement. It is clear, therefore, either that an- 
dalusite is pre-tectonic as to folding, either that it grew under static condi- 
tions and that it belongs to a later distinct generation with respect to the 
andalusite from which, as will be said later on, the nodules were derived. 

Notwithstanding the variable shape a common origin of the lenses and 
nodules under study from andalusite, probably the chiastolite variety, is sup- 
posed. This interpretation seems to be the only reasonable, and is also sug- 
gested by a number of similar occurrences in various areas (TILLEY, 1935; 
Dixe, 1951; Hietanen, 1956; Prrcuen & Reap, 1963; Woopianp, 1963; 
Workman & CowPERTHWAITE, 1963; SHamMs, 1965; HoLuistER, 1969). Pre- 
existence of andalusite in the rod-shaped volumes seems to be more doubt- 
full than in the squat prismatic ones because the rods show ill-defined out- 
lines in section, passing laterally into narrow finely granular bands, mostly 
composed of fibrolite, sillimanite and staurolite, or of biotite and fibrolite, 
the latter finely crimped. In this case it can be supposed that either anda- 
lusite formerly grew into knots which can represent an intermediate stage of 
development of a porphyroblast, or that during replacement the andalusite 
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porphyroblasts lost their individuality. An alternative hypotesis could be 
that these nodules were derived from original clayey concretions and/or by 
a process of metamorphic differentiation. 


While the rod-shaped volumes are rather uniform in their mineral as- 
semblage, the square- and cruciform-outlined volumes show quite variable 
proportions of the composing minerals, even in the same area. In the first 
case (61 AP-12) the following minerals occur, in decreasing proportions, 
that are: muscovite, kyanite, staurolite, quartz, plagioclase, andalusite, 
sillimanite and fibrolite. A decussate texture is shown by muscovite. 
The coexistence of the three aluminum silicate polymorphs, with fibrolite 
in addition, is highly characteristic and a variety of textural relationships 
among them and with staurolite is observed (Plate F, figs. 3, 4). Kyanite 
occurs either in fan-shaped aggregates or as single elongated crystals sur- 
rounded by muscovite. Rarely kyanite occurs in epitaxial relations both to 
staurolite and to andalusite, with the (100) crystallographic plane of kyani- 
te parallel to the (010) plane of staurolite, and the (100) crystallographic 
plane of kyanite parallel to the (100) plane of andalusite, respectively. An- 
dalusite is colourless and occurs as discrete unoriented crystals either irreg- 
ularly shaped and poikiloblastic, or idioblastic and free of inclusions, the 
latter generally being in epitaxial relation to kyanite. Borders composed 
of vermicular symplectite of andalusite or sillimanite and quartz are occa- 
sionally found. Fibrolite and sillimanite are generally present toghether near 
the borders of the nodules, sillimanite occurring near or within mats of fine 
needles of fibrolite as limpid, parallel oriented prisms of small and ra- 
ther variable size. While fibrolite is also a component of the groundmass, 
where it occurs as discrete mats or composes more extensive crimped strips, 
sillimanite is only present within the nodules. Staurolite is often closely 
joined the two aluminum silicates as small very irregular grains, so that hard- 
ly resolvable aggregates can result. The textural relationships suggest a 
possible origin of both sillimanite and staurolite from fibrolite. The most 
frequent occurrence of staurolite, apart the one recorded above, is as euhe- 
dral, randomly oriented prisms often twinned and with sponge-like cores 
due to light vermicular inclusions. It is doubtful wether the staurolite pre- 
sent within the rod-shaped volumes represent a distinct occurrence with re- 
spect to the staurolite present in the groundmass of the rock: this one is sub- 
hedral, untwinned and roughly oriented parallel to the foliation, and always 
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contains rather coarse-grained drop-like inclusions of quartz, but it does not 
differ in size from the first type. 

The square- and cruciform-outlined volumes derived from andalusite 
porphyroblasts in the gamet- and staurolite-bearing quartz-biotite-muscovite- 
graphite contact schist (61 AP-12a) are composed of a mineral assem- 
blage similar to that described above. Here again the three aluminum si- 
licate polymorphs, fibrolite and staurolite occur toghether, but a rather dis- 
crete distribution of kyanite, staurolite and of the pair fibrolite-sillimanite 
in different portions of the same area can be observed (Plate E, fig. 3; Plate 
F, figs. 1, 2). Kyanite, however, also occurs in epitaxial relation with both 
andalusite and staurolite, as in the rod-shaped volumes described above, 
and is sometimes fringed with fibrolite needles. Sillimanite, besides being as- 
sociated with fibrolite, occurs near or within kyanite crystals as scattered 
prisms, sometimes with the (100) crystallographic plane parallel to the (001) 
plane of kyanite. Andalusite is randomly distributed as irregular patches, 
often turbid due to dustly opaque inclusions, with slightly different optical 
orientation; muscovite inclusions are rather frequent while sillimanite never 
occurs in it. Also in this occurrence there is no textural proof that andalu- 
site might represent remnants of original porphyroblasts. 

In the garnetiferous biotite-muscovite-quartz contact schists (61 AP-14a, 
11b) the square-outlined volumes are almost entirely composed of kyanite 
and subordinately, of muscovite. Staurolite occurs in traces and sometimes 
few garnet crystals, showing an incipient alteration along fractures, are 
found (Plate D, fig. 4). Fibrolite, though never being present within the 
square-outlined areas, often occcurs near their borders as contorted felts in- 
tergrown with biotite (Plate F, fig. 4) and is completely lacking in the 
groundmass at a distance of 1-2 mm from the rims of the areas occupied by 
kyanite and muscovite. 

Finally, the square-outlined areas occurring in the garnetiferous, biotite- 
muscovite-quartz-staurolite-bearing contact schist (61 AP-14c) also exhibit a 
rather simple mineral assemblage, being composed of muscovite, which oc- 
cupies more than 3/4 of each area, of staurolite and minor amounts of kya- 
nite, the latter occurring as irregularly shaped crystals with a corroded 
appearance and even as droplets included in muscovite flakes. In those 
areas which show near their borders a new generation of poikiloblastic, col- 
oured andalusite grown toward the groundmass (see above), also fibrolite 
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and sillimanite occur. Both are mostly present in the nearest periphery of 
the square-outlined areas; a few fibrolite needles, however, also occur inside 
these areas included within muscovite flakes. 

It is evident that the mineral assemblages found in the rocks containing 
structural relics of andalusite do not represent either equilibrium paragene- 
ses, if the actual mineralogy of the rocks is considered, or products of a sin- 
gle metamorphic episode under unchanged P-T conditions during time. 
Moreover, shearing stress was also a factor of the metamorphism, because 
successive deformation phases are often recognizable. 

The paragenetic sequence of the minerals either occurring within the 
rod- and prismatic-shaped volumes and in the groundmass can be tentatively 
inferred by the textural relationships put into evidence in the description of 
the thin sections. Not all the textures, however, allow an univoque inter- 
pretation, particularly when intergrowths of two minerals are dealt with. 

The inferred sequences among the aluminum silicate polymorphs are 
the following: 

(1) andalusite (older, presently occurring as structural relics) > kyanite — 
sillimanite; 

(2) andalusite (younger, now present) — sillimanite; 

(3) fibrolite — sillimanite. 

Sequence (2) can be surely established only in one case (61 AP- 
14c) where coloured andalusite occurring near areas formely occupied by an- 
dalusite is clearly recognizable as belonging to a distinct and new genera- 
tion. 

The sequence (1) is the best proven and includes the most important fea- 
ture of the rocks under study, that is the inversion of andalusite to kyanite. 
The relationships between the sequences (1) and (3) is rather obscure, be- 
cause no significant textural relation between kyanite and fibrolite can be 
found, given their discrete distribution in the rocks. This fact, however, 
could suggest that the two polymorphs grew simultaneously under equili- 
brium conditions between kyanite and sillimanite, fibrolite being epitaxially 
nucleated by biotite (CHinneR, 1961) (') kyanite by andalusite. 


(1) The mechanism of epitaxial growth of fibrolite within biotite proposed by CitNNeR (1961), 
involving the addition of Si and Al by the fluid phase can also adequately explain the frequent oc- 
curence of fibrolite only near the edge of the volumes formerly occupied by andalusite, from which 
Al and Si could have been dissolved and transferred by the fluid phase into the nearby groundmass 
of the rock. 
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The complete sequence of the aluminum silicate polymorphs should be 
therefore: 


(4) andalusite (older) > kyanite/fibrolite > (younger andalusite?) — silliman- 
ite; 

that is a sequence involving a raise in temperature and pressure as a gener- 

al trend with, possibly, minor fluctuations of the total pressure. 

The replacement of andalusite results to be a rather complicated process 
in detail given the number of chemically different phases occurring in ad- 
dition to kyanite and sillimanite, particularly staurolite, muscovite and gar- 
net. A redistribution of elements within relatively small rock volume must 
therefore be postulated to explain the occurrence of staurolite and garnet. 
Muscovite, on the other hand, which is likely to have recrystallized at a par- 
tial expense of the aluminium silicates, should be related to high activity 
of HO and K at a late stage of the replacement process, the source of K 
being probably external, that is the fluid phase from the adjacent magmatic 
body. 

If the whole texture of the rocks are considered it seems probable that a 
large amount of staurolite, or perhaps all the staurolite which composes small 
porphyroblasts occurring in the groundmass outside of the rod- and prisma- 
tic-shaped volumes were formed after the inversion of andalusite to kyani- 
te. The same seems probable for the garnet which composes inclusion-free 
borders around dustly cores of the gamet porphyroblasts within the 
groundmass. 

Two main phases of deformation are clearly recognizable. The earlier 
pre-crystalline phase produced a well-developed foliation which is largely 
preserved in the actual fabric. A later, largely post-crystalline, minor phase 
produced local folding and slight rotation of pre-existing porphyroblasts 
(see page 253). Crystallization of biotite alone outlasted the formation of 
the folds. The lineation which governed the growth of andalusite porphy- 
roblasts as oriented rod-shaped individuals could doubtly be referred to as 
a pre-crystalline tectonic feature. 

Summarizing on, the following phases and stages can be recognized in 
the metamorphic history of the contact schists of the Lake Shiwa area: 


(1) An earlier low-grade regional metamorphism which converted the peli- 
tic rocks into slates; 
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(2) The second and main phase, connected with the emplacement of the gra- 
nite and granodiorite intrusive was essentially a thermal metamorphism un- 
der relatively high pressure, not unlike that of a regional metamorphism 
(Hess, 1969). The P-T conditions during the whole phase were pro- 
bably very close to the triple point of the Al SizOs system (about 5,5 kb 
and 622°C according to RicHARDsSON, GILBERT & BELL, 1969) the 
temperature and, perhaps to a lesser extent, the pressure having raisen 
over a restricted interval around the triple point. At a first stage andalu- 
site, toghether with micas and some garnet, were formed. An uprise 
of temperature and pressure, or, according to HoLister’s (1969) sug- 
gestion of metastable crystallisation of andalusite in the kyanite stability 
field, only of temperature, caused the inversion of andalusite to kyanite 
and concurrently the formation of fibrolite, followed, by recrystalliza- 
tion, by sillimanite and of most of the staurolite, some garent having 
crystallized when the highest temperatures were reached. 


The occurrence of a new generation of andalusite cannot be satisfactory 
explained with the available data. Whether this andalusite represents a 
metastable phase, or crystallized in equilibrium with both kyanite and fibro- 
lite remains an open question. 

The final, generally poorly represented mineralogical transformations oc- 
curring in the group of rocks under study, that are, the probable regenera- 
tion of staurolite, the crystallization of muscovite at a partial expense of the 
aluminum silicates, and at a very late stage, the chloritization of garnet, 
can be referred to as a retrograde metamorphism. 


(3) The third metamorphic phase was characterized by a slight deformation, 
which produced folding, and by the sin- to post-tectonic crystallization 
of biotite connected with it, clearly post-dating the main metamorphic 
phase (2), except probably its very late stages. The shearing stress 
which acted during this phase could have been caused by deformations 
which accompanied the intrusion of the igneous rocks at some stage of 
the intrusive episode occurred in the region. 
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3. ON THE ABSOLUTE AGE OF SOME ROCKS. 


Determination of absolute age of minerals (muscovite and biotite) by 
the Rb/Sr method on three samples of rock from the Lake Shiwa area gave 
rather uniform data, between 17 M.Y. and 23 M.Y. (page 217). 

Only one of the dated samples belong to the migmatite complex: it is 
a garnet-bearing biotite-oligoclase-orthoclase gneiss (61 AP-17/3) representa- 
tive of the types less altered by granitization occurring among the banded 
gneiss. The age of the biotite in the rock is 23 M.Y. In the two other sam- 
ples (61 AP-17/19 and 61 AP-17/25) the age of the muscovite was determi- 
ned. Both samples come from the mylonite belt. The first sample (61 AP- 
17/19) is a mylonite garnet and tourmaline-bearing pegmatite (see page 
240), moderately recrystallized under conditions of low-grade metamor- 
phism. The muscovite occurring as large flakes is strongly deformed and 
some white mica (sericite and muscovite as small flakes) is present as an al- 
teration product of plagioclase and of garnet. 

The other sample (61 AP-17/25) is also characterized by blastomylo- 
nitic texture. The rock was interpreted as a cataclastically deformed and 
laminated garnet-muscovite aplite. Muscovite occurs chiefly as large orient- 
ed and bent laminae and as plumose aggregates fringing larger crystals. It 
can be assumed that at least a partial recrystallisation of muscovite accompa- 
nied the final dynamic metamorphism. 

The absolute age of the muscovite, therefore, can provide only a mini- 
mum age, probably only a chronological framing of the dynamic metamor- 
phism which affected the rocks, showing it to be of Alpine age (’). Unfor- 
tunately no absolute age of the massive granites and granodiorites was de- 
termined, because of the strong weathering of the biotite in all the samples. 

The absolute age of the biotite in the sample 61 AP-17/3 is expected to 
provide a more direct chronological reference for the main stage of meta- 
morphism of the rock. Biotite, which is very abundant in this rock, seems 
to belong to a single generation. There is textural evidence that crystalli- 
zation of biotite took place during the main phase of deformation and mig- 
matization of the rock, and outlasted the deformation movements. 


(1) The relative geological age corresponding to the absolute dates is Miocene (Desi1o, ToNcrorcr & 
FERRARA, 1964). 
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4. PETROGENETIC PROBLEMS CONNECTED WITH THE METAMORPHIC AND 
IGNEOUS ROCKS. 


4.1 Migmatite Complex. 


SuMMaRY OF Rock-typEs. — Leucocratic banded gneiss granodioritic 
in mineral composition represent the predominant rock type in the migma- 
tite complex. It is moderatelly heterogeneous, often feldspar porphyro- 
blastic, and contains biotite as predominant mafic minerals; a few banded 
gneiss contains additional garnet or hornblende associated with biotite 
(Fig. 31). 

Augen gneiss, rather variable in texture, and granitic in mineral com- 
position and gneissose pegmatite are also important components of the mig- 
matite complex. 

Non granitic (sensu stricto) rocks, include metagabbro, and various am- 
phibolites, themselves mostly, or possibly all, meta-intrusive. These rocks, 
which can be considered as remnants, provide but few informations about 
the parent material of the migmatite complex, the parent rocks or the pure 
metamorphic equivalent of the predominant banded gneiss and augen 
gneiss not occurring in the migmatitic sequence. 

The leucocratic more or less biotite-rich plagioclase gneiss, interpreted 
as derived from paragneiss by plagioclase blastesis and, possibly by silica and 
soda metasomatism, occurs in moderate amount within the migmatite com- 
plex. This rock, however, seems to be of overall importance to investigate 
genetic relationships in view of their analogies with many banded gneisses. 

The dominant pattern in the migmatite is banding and layering; well 
definited bands are generally composed either of basic rocks either of gneis- 
sose pegmatite. The latter, particularly, mostly occur as concordant bands 
or flattened lenses, that are as largerly synkinematic bodies. 


PETROGRAPHICAL FEATURES. — The available field and petrographic data 
do not permit a comprehensive interpretation of the petrogenetic process 
which gave rise to the migmatite complex. On one hand the areal extent 
of the migmatite, particularly to the east of the surveyed territory, is un- 
known to us and data about the country rocks are lacking; on the other hand 
the interpenetration structures of the migmatite make it difficult in most 
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cases even a distinction between paleosome and neosome, that is to ascer- 
tain the composition of their mobile components. 

The contribution provided by the petrographic study to a genetic inter- 
pretation can be summarized in the following observations: 


1) The most apparent petrographic feature exhibited by banded gneiss ana 
augen gneiss is a widespread K-feldspar mobilization. There is textural 
evidence that the potash feldspar largely replaced plagioclase (antiper- 
thites were also locall produced) and quartz. 

2) Also in gneissose pegmatite the potash feldspar is seen replacing the pla- 
gioclase. 

3) The potash feldspar content increases from more and more homoge- 
neous leucocratic banded gneiss to augen gneiss, concurrently the shape 
of the potash feldspar crystals becomes more and more idioblastic to 
porphyroblastic in augen gneiss. 

4) The potash feldspar is mostly represented, in every occurrence, by or- 
thoclase, which shows relatively small, and variable, axial angle. Micro- 
cline, occurring as ill-defined patches within potash feldspar porphyro- 
blasts, could be interpreted as secondary after orthoclase, and possibly 
related with late deformation movements. It is therefore suggested that 
the primary potash feldspar crystallized at high temperature and behave 
during the metamorphic history of the rocks as a relatively stable phase. 

5) The crystallization of potash feldspar appears to be essentially synkine- 
matic with respect to the main act of deformation. Later deformation 
movements, which left their imprint in almost all the rocks of the mig- 
matitic sequence, were accompanied by the development of myrmekite, 
often very abundant, and representing another prominent feature of ban- 
ded gneiss, augen gneiss and of gneissose pegmatite and by a partial 
mobilization of quartz. The final event was a weak cataclasis followed 
by deposition of low-temperature minerals, chiefly albite and quartz, that 
is a diaphtoritic process. 

6) The variety of structural and textural features of the plagioclase gneiss, 
are represented in a somewhat similar manner in most banded gneiss 
and augen gneiss. This is true particularly for the occurrence and com- 
position of the plagioclase. Though no definitive proof can be offered, 
it seems conceivable that plagioclase blastesis (soda-silica metasomatism) 


262 GEOLOGY OF THE LAKE SHIWA AREA 


represents a general process which affected the whole migmatite se- 
quence and preceded the potash feldspar mobilization. This hypotesis 
should imply that the main migmatization process, of which there is pe- 
trographical evidence, affected already metamorphosed and perhaps mig- 
matized rocks. 


4.2. Cataclastic and Blastomylonitic Granite and Granodiorite. 


The most important feature of the rocks belonging to the second unit 
recognized in the field (complex of cataclastic and blastomylonitic grani- 
toid rocks, aplite and pegmatite associated with metagabbro and paraschists) 
is their high degree of mechanical deformation associated with a more or 
less pronounced recrystallization, as a result of which the rocks became tec- 
tonites. 

The intensity of cataclasis and lamination varies considerably, and is 
less marked in the basic than in the granitoid rocks. Deformation general- 
ly decreases both with passage to the migmatite complex and towards the 
area of massive granite and granodiorite. 

In the mylonitic types deformation is evident in the lamination of the 
matrix, prevalently of quartz and in the concurrent cataclasis of the large 
feldspars. Later cataclasis belonging to a subsequent phase of deformation, 
is often present. 

The blastomylonitic granitoid augen gneiss occurring near the migma- 
tite complex is largely recrystallized, and no retrograde change occurs in 
biotite and plagioclase notwithstanding the intensity of the deformation. 
Potash feldspar is weakly deformed and largely diffused in the matrix to- 
ghether with abundant myrmekite. For these features the rocks can be 
considered as highly deformed equivalents of the augen gneiss occurring 
in the migmatite complex. 

The cataclastic to blastomylonitic granitoid rocks and the massive aplite 
and pegmatite occurring near the transition zone to granite and granodiorite 
contain only low-temperature minerals as recrystallized components and show 
a more or less pronounced diaphtoritic changes of the primary components. 

In spite of the general imprint of a dynamic metamorphism and the 
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absence of primary contacts it seems probable that rocks genetically related 
either to the migmatites either to the intrusives which follow westwards 
compose the sequence of strongly deformed rocks. Particularly the blasto- 
mylonitic, more or less diaphtoritic, augen gneisses and the associated pegma- 
tite, and aplites (both very different from the pegmatoid occurring in the 
migmatite complex), and the metadiorite could represent the marginal shea- 
red zone of the intrusive granite and granodiorite, the different rock types 
having possibly been intruded at different stages. In this respect the strips 
of garnet-sillimanite contact schist could represent dislocated rafts or encla- 
ves of Black Slates which cover to the east the granite and granodiorite. 
The question wether the main stage dynamic metamorphism post-dated the 
whole intrusive episode or took place at some late stage in the history of 
emplacement cannot be solved by the available data. The second hypo- 
thesis is preferred, being somewhat supported by the occurrence of a multi- 
ple-phase metamorphism in the contact schists occurring along the western 
contact of granite and granodiorite. 


4.3. Baharak Granodiorite. 


There is evidence by field observations (existence of sharp contacts with 
Black Slates, either in case of smooth contacts, either if the country rocks 
are penetrated by veins of igneous material; occurrence of minor sharply 
limited intrusive bodies) and by the type of metamorphism produced in the 
adjacent country rocks, that the emplacement of the granite-granodiorite 
intrusive of the Lake Shiwa area took place, at least partly, by magmatic 
intrusions. This necessary implies a deeper, or possibly distant source of 
magma. In outline, the occurrence of the intrusive rocks between two 
units different in lithology and metamorphic history could answer of the 
contrasting situation at their western and eastern contacts. 

The suggestion by the aluminum silicates parageneses in the contact 
schists derived from Black Slates, of rising pressure during the metamor- 
phism around the triple point of the AleSiOs system implies, according to 
experimental data, that the total pressure reached a maximum value greater 
than 5,5 kb. This datum seems to be somewhat immaterial to infer accu- 
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rately the depth of intrusion since a gas or a tectonic overpressure cannot 
in principle be disregarded. 


TABLE 4a- Modal analyses (volume %) of amphibolites from the migmatite complex ('). 





Specimen 61 AP-17/4 61 AP-17/5 61 AP-17/14 





Quartz 0,7 11,6 
Plagioclase 35,1 
Biotite 22 
Hornblende 58,5 
Pyroxene 0,6 
Garnet 0,1 
Sphene 0,7 
Chlorite — 
Accessories 2,1 
Total 100,0 





TABLE 4b - Modal analyses (volume %) of plagioclase-biotite gneisess from the migmatite 
complex. 














Specimen 61 AP-17/12 61 AP-17/13 61 AP-17/6 
Quartz 25,2 37,8 42,3 
Plagioclase 46,3 46,6 50,6 
Potash feldspar — ~ 0,1 
Biotite 25,5 15,0 6,9 
Accessories 3,0 0,6 0,1 
Total 100,0 100,0 100,0 





(1) The modal analyses reported in Tables 4.a-g were made by the point-counter in those rocks 
which were more homogeneous, and in slides cut normal to the foliation. 1000-1500 point were count- 
ed from each slide. 
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TABLE 4c - Modal analyses (volume %) of leucocratic finely banded gneisses from the migma- 
tite complex. 








Specimen 61 AP-17/3 61 AP-17/i 61 AP-17/11 
Quartz 41,1 
Plagioclase 19,9 
Potash feldspar 15,4 
Myrmechite 97 


Albite (late) — 


Biotite 13,2 
Chlorite _— 
Accessories 0,7 * 
Total 100,0 








* incl.; garnet. 


TABLE 4d - Modal analysis (volume %) of a granitic augen gneiss from the migmatite com- 
plex. Sample 61 AP-17/8. 


Quartz Plagioclase | K-Feldspar | Myrmechite Biotite Chlorite Total 
+ Fe oxides 


TABLE 4e - Modal analyses (volume %) of granitoid augen gneiss (blastomylonitic p.p.). 








Specimen 61 AP-17/16 61 AP-17/24 61 AP-17/22 
Quartz 27,3 29,6 
Plagioclase 35,5 39,1 
Potash feldspar 11,2 Zi 
Myrmechite 29 — 
Albite _ 0,7 
Biotite 21,8 —_ 
Chlorite + Fe oxid. tr. 2,4 
Accessories 13 0,7 


Total 100,0 100,0 
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TABLE 4 f - Modal analysis (volume %) of a metagabbro from a basic band within blastomylo- 
nitic augen gneiss. Sample 61 AP-17/18. 




















Hornblende Chlorite 


+ Fe oxides 


Quartz | Plagioclase Biotite Accessories Total 








0,6 1,4 


TABLE 4g - Modal analyses (volume %) of granodiorite and granite. 











Specimen 61 AP-15 61 AP-17/26 61 AP-11 
Quartz Sa) 24,7 26,8 
Plagioclase 44,4 36,7 35,3 
Potash feldspar 7,0 19,9 27,1 
Myrmechite _— 1,3 5,4 
Albite — 3,2 — 
Biotite _ 

Chlorite + Fe oxid. 11,5 
Hornblende 1,1 
Accessories 0,8 


Total 100,0 
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PETROGRAPHIC THIN SECTIONS OF THE LAKE SHIWA AREA. 


PLATE A 


BASIC ROCKS AND PLAGIOCLASE-BIOTITE. GNEISSES FROM THE MIGMATITE. COMPLEX 


- Metagabbro (61 AP-17/4). 


(Plane polarized light; 38). 
The essential components are plagioclase and hornblende; augite (Py) and garnet (Gr) occur among 
the accessories. 


Biotite-amphibole schist (61 AP-17/14). 


(Plane polarized light; xX 30). 
The mineral assemblage is biotite, hornblende (poikilitic), plagioclase. quartz and sphene. 


Biotite-plagioclase gneiss (61 AP-17/12). 
(Crossed Nicols; 27). 


- Plagtoclase-biotite gneiss (61 AP-17/6). 


(Crossed Nicols; & 14). 

A noteworthy increase in grain size of the plagioclase crystals is concurrent with the decrease of the 
biotite content from more mafic (61 AP-17/12; fg. 3) to less mafic (61 AP-17,/6; fig. 4) plagioclase- 
biotite gneiss. The texture of both rocks shoivs effects of late deformation, 
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Fig. 


Fig. 


Fig. 


271 


PLATE B 


LEUCOCRATIC BANDED GNEISSEN AND AUGEN GNEISS FROM THE MIGMATITE COMPLEX 


. - Garnet-bearing biotite-oligoclase-quartz-orthoclase gneiss (61 AP-17/3), 


(Plane polarized light; X 34). 


. + Biotite-hornblende-oligoclase-quartz-orthoclase gneiss (G1 AP-17/7). 


(Plane polarized light; & 27). 


Microfabric of striped gneisses showing more (hy. 2) or less regularly (fig. 1) alternating dark 
streaks and light layers, the latter composed of quartz (Qz), plagioclase (Pl) and interstitial orthoclase 
(Kf). Replacement antiperthites occurring in plagioclase may be secn in fig. | (middle lefe). 


Augen gneiss (Specimen 61 AP-17/9; X 0.8). 


Feldspathic eyes and lenses, in which potash feldspar is predominant, stand out against a dark ground- 
mass relatively rich in biotite. The growth of the cyes and lenses is attributable chiefly to metamorphic 
differentiation. 


Augen gneiss (61 AP-17/9). 
(Crossed Nicols; %& 7). 


A small eye occurring in the specimen figured in the preceding photograph is composed of orthoclase 
(dark grey areas) partly transformed to microcline (lighter areas showing a vague cross-hatched pat- 
tern) and is surrounded by myrmechite prains, Replacement quartz occurs. 


A, Desio, G. Pasquart, P. Spapea Rona - Geology of the Lake Shiwa area PLATE B 





Pt 


PLATE C. 


AUGEN GNEISSES AND PEGMATITI FROM THE SLASTOMYLONITIC GHANITE AND GRANODIORITE 


Fig. J. - 


Fig, 2. - 


Fig. 3. and 4. - 


Blastomylonitic angen gneiss (61 AP-17/20). 
(Crossed Nicols;  &). 


Strained and fractured porphyrcclasts of plagioclase and microcline are included in a fine-grained 
laminated matrix of quartz, feldpars and biotite. A pscudoschistose quartz layer may be scen 
in the middle of the photomicrograph. 


Blastomylonitic pegmatite (61 AP-17/19). 
(Crassed Nicols; XX 30). 


The rock is composed essentially of quartz, plagioclase and microcline; it contains altered garnet 
and tourmaline (of which a broken crystal recemented by quartz is figured bottom left of the 
photomicrograph) in addition, 


Blastomylonitic augen gneiss (Ol AP-17/16). 
(Crossed Nicols; fig. 3: XK 18; Fig. 4: & 134). 


A slightly deformed potash feldspar porphyroblast, enclosing at its rim more or less apparent 
myrmechite, shows along one edge a granular border (detailed in fig. 4) which penetrates into the 
groundmass and partially replaces it. , 
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PLATE D 


ANDALUSITE STRUCTURAL RELICS JIN ALUMINUM SILICATES-BLASUNG CONTACT SCHISTS DLRINID ROM Brack SLATES 


Fig, |. - 


Fig. 2. - 


Fig. 3. and 4. - 


Garnet. and staurolite-bearing quartz-biotite-muscotite-graphite contact schist with andalusite struc- 
taral relics, (Specimen 61 AP-12a; X 2,1). 


An aggregate of kyanite, muscovite, staurolite, sillimanite and andalusite composes a prismatic- 
shaped volume with cruciform section formerly occupied by an andalusite porphyroblast (pro- 
bably chiastolite), within a dark, fine-grained schistose matrix. 


Microfabric of a cruciform-outlined area formerly occupied by andalusite (61 AP-12 a). 
(Nepative print from thin section; & 6,4). 


An original andalusite porphyroblast has been replaced by kyanite (Ky). staurolite (St). muscovite 
(Ms); fibrolite, sillimanite and andalusite which also cccur within the figured area cannot be 
distinguished in the photomicrograph. 


Microfabric of cruciform- and square-autlined arcas formerly occupied by andalusite (61 AP-14 a). 
(Fig. 3: negative print from thin section; X 4.8. Fig. 4: plane polarized light: %& 27). 


Original andalusite porphyroblasts have inverted to kyanite (Ky) occurring as sheaf-like aggre- 
gates. Within the areas formerly occupied by andalusite muscovite (Ms) and garnet (Gr; detail 
in fig. 4) occur. 


A, Desio, G. Pasouart, P. Spapea Ropa - Geology ol the Lake Shiwa area PLATE D 
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PLATE E 


SECOND GENERATION ANDALUSITE IN CONTACT SCHISTS CONTAINING ANDALUSITE STRUCTURAL RELICS 


Fig. 1. and 2. - Garnet- and andalusite-bearing biotite-muscovite-quartz-graphite contact schist (61 AP-14c). 
(Fig. 1: negative print from thin section; & 12, Fig. 2: plane polarized light; XX 37). 


Poikiloblasts of coloured andalusite (Ad) have grown near the edges of a volume formerly occupied 
by andalusite, which is composed of muscovite (Ms), staurolite and of scarce relict kyanite. A 
tectonic phase post-crystalline with respect to the new andalusite caused folding and slight rotation 
of the prismatic-shaped volume, Recrystallization of biotite (Hi) outlasted the deformation. 


FIBROLITE OCCURRING WITHIN AND NEAR SQUARE- AND CRUCIFORM-OUTLINED AREA FORMERLY OCCUPIED BY ANDALUSITE 


Fig. 3. - Contact schist usth andalusite structural relics (61 AP-12 a). 
(Plane polarized light; X 85). 


Within a cruciform-outlined areca, near its border, fibrolite occurs intimately associated with some 
biotite as mats of fine necdles, Staurolite (St) and muscovite (Ms) are also present. 


Fig. 4. - Contact schist with andalusite structural relics (64 AP-14 a). 
(Plane polarized light; >< 85). 


Kyanite and fibrolite occur respectively inside and outside of a square-ontlined area near its margin. 


of the Lake Shiwa area 


reology 


( 


P. Spapea Ropa - 


G. Paseuarek, 


Derstio, 


A, 





, 
5, 


Fig, 


279 


PLATE F 


TEXTUNES OF ALUMINUM SILICATES AND OF STAUROLITE OCCUIUUNG WITHIN ROD: AND PRISMATIC-SHAPLD VOLUMES 
FORMERLY OCCUPIED BY ANDALUSITE. IN CONTACT SCHIST DIJUVED FROM Brack SLATES. 


Fig. 1. and 2, - 


Fig. 3. and 4. - 


Kyanite, staurolite and sillimanite in different occurrences within a cruciform-outlined area 
(61 AP-12 a). 
(Plane polarized light; fig. 1: > 37; fig. 2: > 136). 


In the same area kyanite (Ky) and staurolite (St) occur cither side by side as separate crystals 
(fig. 1), either in an epitaxial relation (hg. 2). Also sillimanite (Sil) is probably in an epitaxial 
relation with kyanite (fig. 2). 


Andalusite, kyanite, fibrolite, sillimanite and staurolite in rod-shaped volumes derived from = anda- 
lusite (61 AP-12). 
(Plane polarized light; fg. 3: X% 85; fg. 4: & 136). 


Kyanite (Ky) and andalusite (Ad) occur in an epitaxial relation; nearby also fibrolite (Fb) asso- 
ciated with sillimamite (Sil) are presente (fig. 3). Within rod-shaped volumes sillimanite mostly 
occurs toghether with fibrolite in close association with staurolite (St) (fig. 4). 
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IV. SHORT ACCOUNT ON THE GEOLOGY OF THE UPPER 
WARDUJ VALLEY AND ZEBAK SURROUNDINGS 


1. INTRODUCTION. 


No mention has been made, in our earlier regional geological reports, 
of the upper Warduj valley and of the Zebak surroundings because these 
localities were only cursorily investigated by A. DEsio between the 25th 
and the 27th of August, 1961. Furthermore the geology of those areas is not 
very known at present and it is, therefore, useful to give a brief description 
here (’). 

The samples collected by Desio were studied by G. PasquarE and by 
F, Force.va; the granite which outcrops in the surroundings of Zebak was 
dated by the Rb/Sr method at the Institute of Nuclear Geology of the Uni- 
versity of Pisa (see page 214). 

About the previous knowledge, one of the first who summarily wrote 
on the geology of the upper Warduj valley and Zebak area was K. BrUcKL 
(1935). According to this author, along the whole Warduj valley horblen- 
de gneiss with numerous layers and lenses of limestone crops out. From the 
surroundings of Zebak Brick. noticed the presence of a conglomerate de- 
posit which he attributed to the « Red Grit Series » of Cretaceous age (’). 
Between Zebak and Ishkashim the conglomerate seams to be crossed by a 
« light-green serpentine ». Eastward a large outcrop of Wakhan slates be- 
gins. 

More recently, in the same area some new data were published by H. 
SawaTa (1962). His very short report deals with the Quaternary deposits, 
but it contains also some geological sketch-maps outlining the geological 
constitution of the region. Within the Warduj valley two formations are 
indicated: « granitic rocks and gneissose granite » from the outlet of the val- 


(1) The Pleistocene deposits are discussed in another chapter (page 339). 
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ley upstream as far as Chakaran; more upstream « banded gneiss» as far 
as Bashum. From this site upstream the map shows « slate; schistose horn- 
fels » for about 6 km, and than banded gneiss as far as Zebak. Near Ter- 
geran a granitic rock crops out. | 


2. UPPER WARDUJ VALLEY. 


As shown in the geological map enclosed with the present volume, the 
mouth of the valley, near Baharak, is marked by the faulted contact in the 
granite gneiss which, to the east of Dashtek, passes into augen gneiss. The 
granite gneiss towards the Baharak basin tectonically overlies the Furmoragh 
black slates; the slates dip beneath the granite at an angle of 45°-50°. The 
tectonic contact in sub-parallel to the schistosity. 


Another fault of minor importance has a very steep fault-plane and, 
further to the west, cuts the Furmoragh black slates; its presence is shown by 
the difference in inclination of the schistosity planes on either side of the 
fault (Fig. 34). 


Fig. 34 - Geological section 
across the spur on the left- 
hand side of the outlet of the 
Zardew valley in the Baharak 
basin. (Jy - sialic gneiss grani- 
te; bs - black slate), (From 
Desio’s field book). 





Towards the east the granite-gneiss is in contact with one of the south- 
ern apophyses of the granodiorite pluton forming the rigth hand slope of 
the lower Zardew valley (Baharak Granodiorite). 
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Fig. 35 - The upper Warduj valley and his geological feature, 
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Near the Ardar bridge a quartz diorite body crops out and possibly is 
connected with the Baharak granodioritic pluton which is exposed toward 
north-east. The samples collected in the above locality are made up of 
quartz diorite (61 AD-9/1) and quartzitic microdiorite (61 AD-9/2) with 
abundant biotite among the femics. In the vicinity of the bridge is visible 
the contact belt between the plutonic body and a parametamorphic forma- 
tion represented in our collection by samples of biotite-garnet quartzite (61 
AD-2) and biotite-garnet hornfels (61 AD-2/2). 

Further upstream, in the lower Warduj valley, between Serak 
and Ushkan, the Baharak Granodiorite passes into the migmatitic gneiss 
complex which was named Tarang Gneiss (page 182). Immediately up- 
stream from Ushkan, on the right-side of the valley, a small outcrop of leu- 
cogranodiorite (61 AD-7) is esposed. 

Still further upstream gneissose granodiorite is present with layers dip- 
ping about 50° to the W and WNW, and occasionally the rock contains large 
crystals of feldspar; a short distance further downstream, however, the 
layers dip in the opposite direction, that is towards the SE, outlining one 
anticline. 

The Tarang Gneiss outcrops on both slopes of the Warduj valley up 
to Chakaran, where they represent the transition into the migmatitic gneiss 
complex which was named Kurkhu Gneiss (page 178); they also form an 
extensive outcrop toward north, in the lower Zardew valley. 

Between Chakaran and Tergeran (Fig. 35) the augen gneiss is preva- 
lent and contains large crystals of feldspar (augen gneiss); it shows distinct 
layers which mostly dip to the north with a moderate or low angle. 

Immediately upstream from Agqshira, on the right-side of the river, a 
large lense-shaped body of leucogranodiorite (61 AD-13/1) included in the 
fine-grained paragneiss (61 AD-13) outcrops, a sample of which was collect- 
ed and an age determination was carried out using the Rb/Sr method. 
The sample was found to be 14 MY. old and can, therefore, be assigned to 
Miocene (Desio, FERRARA & Toncrorcl, 1964). 

Another lense-shaped body of the same rock-type is also present about 
4 km downstream from Tergeran (61 AD-14). These intrusions appear to 
belong to the sialic gneiss-granite belt of Baharak outcropping toward north 
and their lithological characteristics and age are similar. About three and 
half kilometres downstream from Tergeran, the Kurkhu Gneiss disappears 


UPPER WARDUJ VALLEY 285 


and is replaced by a gneissic formation (East Rabat Gneiss) characterised 
by intercalations of white marble associated with epidote schist and biotite 
amphibolite (61 AD-15). At this location the layers dip 45° to the north- 
west, but further upstream, near Deh Qalat, they plunge in the opposite 
direction (SE) and define an anticlinal structure the axis of which cor- 
responds to the river-course. 

Further upstream, near Kazdeh village, the dip of the layers is again 
reversed and defines a synclinal structure. Still further upstream a NW 
and WNW dip is predominant again. 

A complex which is lithologically very varied and very different from 
the previous one outcrops immediately upstream from Deh Qalat. It con- 
sists of quartzite, amphibolite and migmatitic gneiss (61 AD-16/1) injected 
by quartz diorite (61 AD-16). The Rb/Sr method was used for age-dating 
this rock which gave a value of 29 M.Y., that is Oligocene age (Desio, FEn- 
nana & Tonciorci, 1964). 

Between Kabek and Rabat-i-Cheheltan, on the right side of the valley, 
the white marble outcrops again together with the rocks mentioned pre- 
viously; they are part of the gneissic complex and are crossed by pegmatite 
veins. The same complex, which can be correlated with that known as 
East Rabat Gneiss (page 165), extends through the entire upper Warduj 
valley up to a point near Zebak. The boundary between the Kurkhu 
Gneiss and the East Rabat Gneiss is gradational. The dip of the layers be- 
comes gradually less steep in this direction, whilst near Rabat-i-Cheheltan 
and still further to the east they become almost horizontal. 

The East Rabat Gneiss which outcrops in the upper Warduj valley re- 
present the southern continuation of the Koh-i-Khus Darrah outcrop, which 
is also shown in the geological map enclosed with the present volume. 


3. THE ENVIRONS OF ZEBAK. 


The village of Zebak is situated on the alluvial fan of the Darrah-i-Ya- 
sek, a right tributary of the main valley (Darya-i-Sanglich) descending from 
the Hindu Kush range. Immediately downstream from the village the val- 
ley divides into two branches, one of which swings towards the west (the 
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Fig. 36 - Geological sketch-map of the Zebak area. 
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Warduj branch which descends towards the Kokcha), and the other extends 
generally towards the north-east, that is towards Ishkashim and the course 
of the Ab-i-Panj. Hydrographycally, however, this second branch remains 
partly a tributary of the Warduj river (and represents its upper course), and 
part] a tributary of the Ab-i-Panj, as already mentioned. 

The geomorphological phenomena which caused this unique feature 
will be described in a following paragraph (page 366) and therefore only 
the geological outline of this area will be shorty described here according 
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Fig. 37 - Geological section across the spur at the junction of the Deh Gol with 
the Sanglich valley. y - granodiori, ym - granitic mylonite, Rg - Eastern Rabat 
Gneiss, bs - black slates, (From Desio’s field book). 


to the information collected during the rapid investigation carried out by 
a member of the 1961 expedition (Desio). 

The Rabat Gneiss, outcropping in the upper Warduj valley, compose 
all the mountains which rise to the west and north of the Zebak valley and 
disappears at a fault line (Fig. 36). This dislocation, called Munjan-Zebak 
Fault (Desio, 1965b), follows the course of the Sanglich river for a distance 
and then cuts through the spur at the confluence between this valley and 
the Deh Gal valley. Then it continues, intersecting the slopes overlooking 
Zebak and moving towards Ishkashim where it joins the South Pamir Fault, 
the western continuation of which it represents. 

The fault is well exposed in the spur at the confluence mentioned above 
and on the eastern slope of the main valley, immediately upstream from Ze- 
bak. This spur is formed by a long « promontory » cut by a furrow (Fig. 
37, Plate VIII, fig. 1) eroded in a white, powdery and very friable granodio- 
ritic mylonite (61 AD-18), almost 200 m thick. The fault-plane is almost 
vertical and its orientation varies between N-S and NNE-SSW. To the north- 
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west of the fault a partly mylonitized white quartz monzonite (61 AD-19) is 
exposed which forms the terminal part of the confluence spur and three small 
outcrops on the eastern slope of the principal valley upstream from Zebak 
(Plate VIII, fig. 2). On the opposite side of the fault there is a greenish fine- 
grained chlorite gneiss, migmatite and gneissic granite (61 AD-18) which is 
almost totally mylonitized. In the opposite direction, it is contact with black 
slates forming the reliefs located to the SE. The total thickness of the my- 
lonites, and of the rocks which are partly or almost completely mylonitized, 
is more than 1000 m. The black slates can be correlated with the Khandut 
Slates of Wakhan (see page 301). 

Apart from the three outcrops of white granodiorite, the valley slope 
around the village is made of a conglomerate with arenaceous_intercala- 
tions. The conglomerate is mostly formed of medium-sized pebbles of 
granite and granodiorite associated with black slates and various types of 
gneiss. The matrix is mostly arenaceous, and yellow and reddish in colour. 
The bedding is irregular but generally they plonge with an inclination of 
30°-40° toward east. The beds are also weakly folded. 

This conglomerate, called Zebak Conglomerate in order to distinguish 
it from other similar formations, discordantly overlies the white granodiorite 
and the East Rabat Gneiss and forms the reliefs overlooking the Zebak vil- 
lage and those flanking the principal valley towards Ishkashim. On_ the 
eastern side, the formation underlying the conglomerate outcrops only in the 
neighbourhood of Khaspak where P. Guy observed a strip of grey, coarse- 
grained sandstone, unconformably overlain by the conglomerate whose 
stratigraphic position is unknown; nothing is therefore known about its age. 
The same sandstone was observed by MinwaLp & RoeMeEr (1967) below the 
village Surkh Darrah, between Ishkhashim and Zebak, but the authors do 
not supply with any detailed data. On the opposite side, where the conglo- 
merate is absent, the East Rabat Gneiss outcrops extensively towards the 
north and north-east, and forms the mountain ranges of the Koh-i-Kamir 
and Koh-i-Gharib. 

The conglomerate is discordantly overlain by a bluish, muddy forma- 
tion occasionally eroded to such a degree as to suggest a similarity with the 
oldest « skeletal moraines » of Karakorum (see page 364). 

Some comments on the geology of the area around Zebak will now be 
made. No further comments will be made regarding the East Rabat Gneiss 
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the outcrop of which, in the area toward west, have already been mentio- 
ned (page 285). 

Two samples of white quartz monzonite (61 AD-19/a and b) collected 
in the neighbourhood of Zebak were dated with the Rb/Sr method (’). 
The first sample gave a result of 86 M.Y., the second 93 M.Y. These rocks, 
therefore, have an Upper Cretaceous age and can perhaps be correlated with 
the Babatangi and Lungko Granodiorite of the Hindu Kush (Desto, Guy & 
PasquaRE, 1968). 

Regarding the age of the black slates, and assuming that those out- 
cropping around Zebak can be correlated with the Khandut Slates which in 
the Wakhan region were intruded by the Babatangi Granodiorite, it can be 
stated that they are older than the granodiorite. On the other hand the 
Babatangi Granodiorite is similar to the granodiorite outcropping around 
Zebak which, as already mentioned, is Upper Cretaceous and therefore the 
Khandut Slates must be still older. This discussion will be continued in ano- 
ther paragraph (page 301). 

The age of the Zebak Conglomerate must, however, be mentioned here. 
Of the formations overlain by the conglomerate the only one which has been 
dated is the Upper Cretaceous granodiorite outcropping in the neighbour- 
hood of Zebak. This means that the deposition of the conglomerate, 
which, as revealed by its structure, irregular bedding and colour, is a con- 
tinental formation, must have occurred during the Tertiary. 

Among the formations which stratigraphically and_ structurally most 
closely resemble it, the Reshum Conglomerate, outcropping on the opposite 
slope of the Hindu Kush range, must be considered. This conglomerate, on 
the basis of other evidence (DEsio, 1966), has also been assigned to the Ter- 
tiary. 

In the Pamir there are several conglomeratic formations: one of them 
in particular is similar to the Zebak Conglomerate; that is the « Kurteka 
Formation » of the Southern Pamir, consisting of reddish-brown conglomera- 
te 200 m thick. Its age ranges from Upper Miocene to Pliocene. Further 
up in the sequence, however, there are other conglomeratic-arenaceous for- 
mations and therefore a correlation based on our data appears doubtful. 

The opinion of Arcuipov, Leonov & Nixonov (1970) regarding this 


(1) The same samples were mentioned as granodiorite in Desio, TonGiorc! & FERRARA, 1964. 
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problem must be reported here. They suggest that «the red conglo- 
merate some hundred of meters thick » outcropping in the neighbour- 
hood of Zebak should be assigned « to the Lower Cretaceous or perhaps 
to the Oligocene-Miocene ». According to the author and to the above 
discussion, only the second of the two datings could be valid. This is ap- 
parently confirmed by statements of the same authors in another part of the 
same paper: «the lower red conglomerates, lying in erosion basins, are ol- 
der (than Pliocene), mainly of Miocene age ». 

The above mentioned authors add further that « near Zebak village, a 
grey conglomeratic formation generally about 500 m thick, overlies the red 
conglomerates, the Triassic-Jurassic schists and the granites of the belt ex- 
tending for some kilometres from south-west to north-east ». 

This formation consists of three members; a lower one of alluvial-flu- 
vioglacial origin, a middle one of glacial origin and an upper one similar 
to the first. The three authors assign the upper member to the Lower Plei- 
stocene, the lower and the middle members, most probably, to the Pliocene. 

The glacial and fluvioglacial formations appear to correspond to that 
which has been considered similar to the « skeletal moraine ». This pro- 
blem will be discussed again in the chapter dealing with the Pleistocene. 


V. NOTES ON THE GEOLOGY OF SOUTHERN WAKHAN 


1. INTRODUCTION. 


1.1. Geographical Position. 


Wakhan is that long narrow appendix to the north-east of the Afghan 
territory which runs like a corridor east-northeast, practically separating 
North-west Pakistan (to the south) from the Russian territory of Pamir (to 
the north) and from China (to the east). Wakhan is not a natural region, 
but a political district, although a relevant part of that territory is represent- 
ed by a branch of the upper valley of the Amu Darya (Oxus river) which 
is known as the Ab-i-Panj (*) as far as Ishkhashim, as the Ab-i-Wakhan 
and further on as the Little Pamir. 

Towards the south the borders of Wakhan run along the high crest of 
the Hindu Kush range, in many places more than 6000 m a.s.]. culminating 
with the Noshag Peak at a height of 7492 m. Towards the north the Pamir 
river (Little Pamir), joins the Wakhan river near Qala Panja, and marks the 
border of Wakhan. 

In this section we will deal only with the southern slope of Wakhan, 
that is with the northern slope of Hindu Kush. 


1.2. Previous Research. 


The geological literature relative to Wakhan up to now is rather scarce. 
The first news was given by F. Storiczka (W. T. BLanrorp, 1878) who 
came from the east and descended the valley of the Little Pamir and then 


(1) Ab means water, and by extention also river. 
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that of the Ab-i-Wakhan as far as the confluence with the valley of the Pa- 
mir river which he followed until the source, afterwards proceeding east. 
Sto.iczka visited the greater part of Wakhan along the major valleys, but 
the geological news which has remained to us consists of notes on the journ- 
ey and samples arranged for printing by BLanrorp. According to a sum- 
mary relative to Wakhan by this author (p. 48) « The geology throughout 
is of the very simplest description. The carboniferous and triasic limesto- 
nes were only found for a very short distance west of the Yarkand frontier; 
and thence to Janjah the whole country consisted of black slates, occasional- 
ly capped by reddish slates and conglomerates and resting upon gneiss, 
which forms the great mass of the plateau. The slates are doubtless pa- 
leozoic, but no evidence of their precise age was obtained. The gneiss is 
fine-grained; it contains biotite, and is in places traversed by veins of albite 
granite, and it altogether so much resembles the « central gneiss » of the Hi- 
malayas north of Simla, that it may be a continuation of the same rock. 
Immense accumulations of boulders and sand were observed on the Pamir, 
in all the river valley and around the lakes ». 

Many years later H. H. Haypen (1916) arrived in south Wakhan for the 
first time when he reached the Baroghil and Shawitakh passes which cross 
the Hindu Kush range, afterwards returning to Chitral trough the Darkot 
pass. However he returned again to Wakhan from the east and explored prin- 
cipally the Wakhan range (Nicholas I] range) which rises between the Pamir 
river and Ab-i-Wakhan, and he followed Stoticzka’s route to a certain ex- 
tent. The precious memoir of HaypEN is accompanied by a geological 
sketch-map which deals with the eastern portion of Wakhan, to the east of 
73° 30° Long. excluding the northern slopes of the Hindu Kush. 

The greater part of the territory represented on the map appears to be 
made up of the so-called « Sarikol Shales and Wakhan Slate » with a zone 
constituted by « Granite and Metamorphic », corresponding to the Wakhan 
range. It is important to remember that, according to Haypen, the general 
character of the Wakhan Slates suggest that they are merely the metamor- 
phosed representatives of the Sakirol Shales which, like the slates, under- 
lie the « Pamir limestone ». 

The Wakhan Slates seem to be represented by a series of slates and 
quartzite full of igneous rocks which sometimes appear to be intebedded 
and sometimes to be intrusive in the slates. 
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These same slates should also make up the southem slope of the mid- 
dle valley of the Wakhan river under the Shawitakh pass, and according to 
Haypen, should be attributed to the Upper Paleozoic. In fact they should 
represent a homotaxial formation, a facies of shallow water, of the Fusulina 
limestone of Chitral. 

Also K. Brick (1935) left us some information about the western part 
of Wakhan, as far as Pegish, which the two preceding authors had not visit- 
ed. All that stretch of the valley, at least in the part of the river which is 
visible, should be composed of black slate with concordant intercalations of 
gneiss, dipping 30° south-eastward. 

The black slate, attributed by the author to the Wakhan Slates men- 
tioned by Haypen, are crossed by granite intrusion in the form of laccolites, 
which send apophyses into the black slates. Near Urguni (Urgand) a gra- 
nite body crops out with magnificent orthoclase crystals and with pegmati- 
tes. 

The Russian scholars have produced far more abundant literature, 
which refers essentially to the territory situated to the north side of the 
Amu Darya, and particularly to that vast tectonic zone, namely South-West 
Pamir. We cannot dwell however on this area and its numerous geological 
problems. 

We remember only that the bases of the geological knowledge of that 
zone was laid by the geological expedition to the Pamir directed by D. V. 
Nauivkin in 1932. The data collected were elaborated (for the area 
concerning us) specially by S. I. KLunnixov (1936). Numerous other authors 
contributed in reviewing and perfecting the interpretations of that time. 

In 1960 a Japanese expedition visited one part of Wakhan with alpi- 
nistic purposes. Two years later M. Sawata published a report dealing 
summarily with the geology of Wakhan, mostly with the Pleistocene depo- 
sits from Ishkhashim to the confluence of the Qaz Deh valley. The geologi- 
cal knowledges are prevailingly contained within some small sketch-maps. 
The geological formations recorded by Sawata in Wakhan are substantially 
the following: « banded gneiss, slates, limestone, hornfels, granitic rocks and 
gneissose granite » with dykes of pegmatite and aplite. 

An other report on the Wakhan by P. Mirwat & RoeMeEr appeared in 
1967. About the stratigraphy the two authors record the following units: 
a) sandy argillaceous schists passing into phyllite and locally also to chiasto- 
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litic « Knotenschiefer » and containing thick intercalations of quartzite and 
small lenses of calcschists and marble; b) granitic intrusiva belonging to two 
sequences one made up of gneiss-granite, the other of intrusive granite; c) 
basalt and granite porphyry; e) sandstone with fossil plants; f) red conglome- 
rate. 

About tectonics the authors speaks of two tectonic phases, with different 
orientation of the folding and faulting, one (older) Palaeozoic, the other Al- 
pine. 

About the Pleistocene and Holocene deposits, they will be dealed 
with a further section. 


In 1963 P. Guj undertook a journey in Wakhan ascending the valley as far as 
Rorung and carried out a reconnaissance in the Hindu Kush slopes. 

The samples collected by him were studied by G. Pasouaré in the Institute of 
Geology, University of Milan (Italy) where also the field notes were elaborated under 
the leadership of the director professor A. DEs1o. A report containing the results of 
these researches was published in 1968 by Desto, Gus & PASQUARE. 

We reproduce here our report with some improvements in order to complete, 
as far as possible, our knowledge to the east of the area more attentively investi- 
gated by 1961 DEsiIo’s expedition. 


» A ran ss 


1.3. Outline of Geomorphology. 


The upper valley of the Amu Darya between Ishkhashim and the eastern 
border of Wakhan is emplaced on an important fault line which at Qala Panj, 
where the Pamir river joins the Wakhan river, divides into two branches, 
of which one, perhaps the main one, follows the first of the two valleys, the 
other, the second one, and farther uphill the Little Pamir valley. It is not 
yet known if this last fault joins that of the Upper Hunza (Desio, 1965b). 

The upper valley of Amu Darya, as far as Qala Panj, is profoundly sunk- 
en between high mountainous chains which dominate it on both sides with 
summits above 6000 m and also 7000 m, the Hindu Kush range on the 
south, the Wakhan range on the north. Very different is the extension of 
the glaciers; the northern slope of the valley is covered by a thick mantle of 
ice, of which many tongues stretch out to the bottom of the secondary val- 
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leys which furrow the northern slopes of the Hindu Kush. On the opposite 
slope there are only secondary glaciers (cirque and slope glaciers). 

Further upstream the valley shows a dissymmetric feature, the southern 
slope being steeper than the opposite one, while upstream from Bozai Gum- 
baz, where the valley, which for chilometres had maintained an east-west di- 
rection, turns towords the north-east and the river assumes the name of Little 
Pamir. In the upper part of the valley, as far as the frontier of the territory 
of the U.R.S.S., this morphological feature is reversed and the right-hand slo- 
pe becomes more inclined than the left. Just beyond the frontier the val- 
ley bends sharply to north-northwest while the river assumes the name of 
Ak-Su. 

The valley of Pamir, upstream from Qala Panj, is bounded on the north 
side by the Alichur chain and on the south side by the Wakhan chain. 

This disparity of inclination of the sides of the valley largely depends 
on the attitude of the strata. Where these dip in reversal direction of the 
slope is steeper. 

Both the principal valley of the Ab-i-Panj and its tributaries bear the 
imprint of the moulding of the glaciers which descended from the high ridges 
of the Hindu Kush during the Quaternary expansions, and — although 
to a lesser degree owing to the southern aspect — also from those of the 
Wakhan range, and buried the valleys up to a notable height. The major 
extension of the glaciers on the southern slope is now testified by the large 
mass of glacial and fluvio-glacial deposits, as well as the exceptional devel- 
opment of the alluvial fans which are lacking on the opposite side of the 
river. 

The large glacier of the Amu Darya probably continued down to Ish- 
khashim but we do not know where it ended. However it seems that one 
iceflow re-ascended the valley of Zebak were Desio noted extensive glacial 
deposits of different ages (page 364), some of the highest could have been 
deposited by this lobe. Also the lower valley of Arakht, below Shiwa lake, 
was probably occupied in its lower part by a lobe of the Amu Darya 
glacier. 

Now we must remember that if the geolithologic composition does not 
seem to have exercised a determining influence in the landscape but only in 
morphological details, a substantial imprint has been left by the tectonics. 

As we have already mentioned, the upper valley of the Amu Darya and 
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its main tributaries, the Pamir river and the Wakhan river, are emplaced 
in a important fault lines which separate two different orotectonic systems 
(DeEsto, 1965b). 

After our investigations, which are limited to the valley of the Amu Da- 
rya up to the height of Rorunq, a system of fractures and reverse faults was 
observed in direction N 50°-55° E, intersected by a second system approxi- 
mately orthogonal on which is emplaced the river system of the north slope 
of the Hindu Kush. 

The second system is composed of normal faults with N 25°-30° W 
direction, with variable dip but prevalently south-west. This system gives 
to the right flank of the valley the character of a block-faulted area from 
which are derived the assymmetric valleys of Palup, Yama, Varang, etc. 

This morphologic character, evident on the right flank, has been can- 
celled on the opposite slope by the strong glacier erosion caused by the 
Quaternary glaciers which were much more developed on that slope of the 
Hindu Kush, as already mentioned. 


2. STRATIGRAPHY. 


2.1. Introduction. 


From the stratigraphic point of view the constitution of Wakhan de- 
pends on the concordant trend of the valley of Ab-i-Panj with the tectonic 
attitude of the stratigraphic units (Fig. 38). These units can be defined in 
the following succession, from the most ancient to the more recent: 

1) Qala Panja Quartz Diorite: mass of plutonic rocks prevalently of 
quartz dioritic type, strongly cataclastic and dynamometamorphic; 

2) Qala Wust Gneiss: complex of gneissic rocks of different composition 
and origin constituting the envelopment of the quartz dioritic mass of Qala 
Panj; 

3) Khandut Slates: complex of dark schistose parametamorphic rocks; 

4) Babatangi and Lungko Granodiorite: axial batholith of the Hindu 
Kush of essentiall granodioritic composition with collateral facies and late 
differentiations from granite to diorite. 
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Fig. 38 - Geological sketch-map of the southwern Wakhan by P. Gus, 1963. (Legenda in fig. 39). 
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Fig. 39 - Geological sections across the southern Wakhan by P. GuJ, 1963. 


1 - East Rabat Gneiss, 2 - Babatangi (& Lungho) Granite, 3 - Qala Panja Quartz Diorite, 
4 - Qala Wust Gneiss, 5 - Khandut Slates, 6 - Grey coarse sandstone, 7 - Conglomerate & 
sandstone (Tertiary), 8 - Glacial deposits, 9 - Fluvial & fluvio-glacial deposits, 10 - Debris. 


The four units seem to be quite regularly overlain from the bottom of 
the valley towards the crest of the Hindu Kush, in an order of succession 
locally disturbed by transversal tectonic accidents and by wide folding of the 
metamorphic rocks. Owing to the lack of fossils their age in unknown, but 
it is possible to make some suppositions through comparison with formations 
of the surrounding areas as we will see later. 

We have to remember here other three lithostratigraphic units, because 
they are marked on the sketch-map fig. 38 (*). These units are not present 


(1) The geological sketch-map was surveyed by GuJ except the area of Zebak which was sur- 
veyed by DesiIo in 1961. 
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in Wakhan, but just to the western limit, within the valley between Ishka- 
shim and Zebak. 

To the north and west of the last village the Rabat Gneiss outcrops. 
This formations is generally composed of fine-grained gneiss, very rich in 
biotite and characterized by a schistose, banded, or porphyroblastic-banded 
structure. At the base it is garnetiferous. Banded white and grey marble is 
frequently and repeatedly interbedded. It grades into calcphyre along the 
contact with the gneissic rocks (page 287). DEsio, who visited the surround- 
ing of Zebak, was not able to see the contact betwee nthe East Rabat Gneiss 
and the gneissis formations of Wakhan, therefore the relation between such 
formations remains unknown. 

In the same valley, north-east of Zebak, there are extensive deposits of 
red and yellow conglomerate and coarse-grained, cross-bedded, unfossilife- 
rous sandstone which provisorily have been attributed to Tertiary, as they 
overly with unconformity the other formations, exept the Quaternary de- 
posits (glacial and fluvial). 

Finally Guy remarked one outcrop of grey coarse-grained sandstone, 
overlied with angular unconformity by Tertiary strata, near the outlet of a 
small valley north-est of Zebak. We lack details about this sandstone, 
though it may belong to a Cretaceous formation. 


2.2. Qala Panja Quartz Diorite. 


At the base of the Qala Wust Gneiss, and in two different localites at 
the bottom of the Ab-i-Panj valley, near Qazi Deh and near Qala Panja, mas- 
sive intrusive equigranular rocks crop out, rich in mafic elements with traces 
of dynamometamorphism (sample 63 GE-11). Their quartz dioritic compo- 
sition is often partly cancelled by the successive mechanical deformation ac- 
companied by metamorphic transformation of epizonal character. Unfor- 
tunately the contacts between this quartz diorite and the overlying meta- 
morphites of the Qala Wust formation are hidden by a thick deposits of gla- 
cial material and debris for which it is not possible to determine the recip- 
rocal stratigraphic position of the two adjoining formations. 
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2.3. Qala Wust Gneiss. 


The Qala Wust formation enclose the lithotypes of distinctly gneissic 
character cropping out over vast extensions on the bottom of the Ab-i-Wa- 
khan valley between Ishkashim, Khandut, Qala Wust and Rorung. Between 
Ishmara and Qala Panja these constitute the envelopment of the dioritic 
mass of Qala Panja, cropping out again in an anologous position further to 
the west, around Qala Deh. On the upper levels the formation itself gene- 
rally grade into the Khandut Black Slates. In spite of this constant strati- 
graphic position as well as a good lithologic homogeneity throughout all the 
outcrops, the Qala Wust Gneiss genetically is made up of very different 
lithotypes. Under the common gneissic aspect are in fact hidden typically se- 
dimentogenic gneiss, other of clearly granitoid derivation, as well as dykes 
and sills of aplitic composition. 

The stratigraphically deepest types were found along the right hand slope 
of Abi-i-Panj, upstream from Qala Panja (63 GE-1, -2, -3, -4, -6, -8, -10) and 
consist of very feldspathic rocks with augen texture, generally with porphy- 
roblasts both plagioclasic and K-feldspathic. 

The micas appear in two clearly distinct generation: biotite and musco- 
vite associated in microfibrous beds with iron oxide alterations, and often mi- 
xed with chlorite; porphyroblastic muscovite in very large, well preserved 
flakes lying indipendently in respect to the schistose fabric of the rock. 

Between the feldspar porphyroblasts and the micaceous beds quartz 
feldspathic fine-grained groundmass enclosing isolated biotite crystals can 
be generally recognised. 

Therefore, on the whole, an accentuated structural homogeneity can be 
noted which could suggest a metasomatic process of feldspathization, fol- 
lowed by late cinematic migration of pneumatolytic elements, with neo- 
formation of muscovite porphyroblasts. 

However, extensive field observation to consolidate such a hypothesis 
are lacking. The connections with the underlying dioritic mass of Qala 
Panja,which would be of decisive importance in solving the problem, are 
still obscure. 

With regard to the essential composition of the gneissic rock, with the 
exception of the porphyroblasts, generally an intimate mixing of ologoclasic 
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plagioclases and K-feldspar can be observed, sometimes lying with grano- 
blastic structure, and sometimes micropegmatitic and aplitic aggregates. 

To the west of Qala Wust repeated intercalations can be observed of 
fine-grained biotite paragneiss identical in structure and composotion to the 
paragneiss of the Khandut formation (63 GA-4, 63 GB-4). 


2.4 Khandut Black Slates. 


This formation consists of a thick sequence of slates and dark, almost 
black, arenaceous schists, sometimes of phyllitic character, often alternating 
with more or less thick beds of white or grey marble or quartzite. Further, 
the formation appears to be densely crossed by quartz-feldspar veins of vary- 
ing importance, both concordant and discordant. In the midst of the forma- 
tion itself, portions can be distinguished in which the primitive sedimento- 
geneous character is well preserved, and others in which the metamorphic 
action appears more accentuated. The first usually correspond to the pelitic 
or arenaceous types (63 GA-1, -8; 63 GD-2), the second to quartzitic or slaty 
types (63 GD-3, -5, -6, -8, -9). The entire metamorphism seems to be epi- 
zonal in character grading to mesozonal and is specially characterized by 
the co-existence of muscovite and biotite even in the lithotypes in which the 
sedimentary textures are still discernible today. The feldspar generally ap- 
pear as granules of detritic origin in a few fine-grained biotite paragneiss. 
Phenomena of feldspar enrichment are only found near the contact with the 
granodiorite of Babatangi, which is described later. 

The even rhythmic alternating of the above mentioned lithotypes can 
be differently explained throughout the area examined; in the eastern part 
of the valley there is progressive increase of the quartzite and slate levels, 
which stand out on the slopes in the form of relatively thick beds up to one 
metre in thickness, and lighter in colour than the average. 

The Khandut Black Slates border all the southern slopes of the Ab-i- 
Wakhan valley with a varying width, until they disappear at the point where 
the micaschist-gneiss complex of Qala Wust interposes at the contact with 
the batholith of the Hindu Kush. Its thickness in the Ishmara valley is 
estimated at about 2500-3500 m, and in the Rorunqg-Racau valley about 
3000-4000 m. 
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The bedding is always evident and shows varying thickness from a few 
centimetres to 1-1,5 m, and always appears more accentuated owing to the 
marble and quartzite beds. 

A system of lineations with east-west trend and a schistosity directed to 
N 70°-80° W with varying inclination and dip (but mostly towards the north) 
are almost constantly present. 

The bedding surfaces sometimes show a series of globules or elongated 
molds which, on a reduced scale, remind one of a combination of flute casts 
and load casts. These molds are particularly frequent in the samples taken 
in the valley of Babatangi. 

The direction of the strata is generally sub-parallel to the valley, ten- 
ding to become east-west towards Qala Panja; the dip is mostly turned to 
the south-east or south with an inclination of 20°-40° along or near to the 
main valley, diminishing by degrees as one proceeds up the lateral valley. 

The variation in the inclination generally happens gradually, while that 
of the dip seems to be in relation to an east-west fracture system which is 
principally developed in the midst of the gneiss near to the contact with the 
batholith. It is along this system of fractures and faults that the greater 
part of the sialic late magmatic apophysis and mafic differentiations are 
intruded. The relationships are shown in the cross section D (Ishmara val- 
ley, Triade and Lunkho peaks) and E (valley upstream of Babatangi). 
However, there are some spots, especially near the contact with the underly- 
ing gneiss and micaschists of Qala Wust, along the valley of the Ab-i-Wakhan 
and Ab-i-Panj, in which the formation appears so strongly contorted and 
tectonized that it suggest the existence of a repeated sequence of different 
overlying formations or part of them. 

In the valley of Pakh and nearer to the village of Patur (Babatangi) a 
series of inverse faults overlaps numerous tectonic units of the Khandut 
black slates one on the other until they come into contact with the Qala 
Wust Gneiss. The direction of the fault planes is about N 50°-60° E with 
southern dip. The cross sections B (Shirkaf) and C (Yumtir) as well as the 
already mentioned D and E enable one to see the connection between the 
two formations. These tectonic relations do not exclude the fact that some 
members of the Qala Wust formation were originally in regular stratigraphic 
succession at the base of the Khandut black slates. In fact, in the area down 
in the Qala Panja valley it is difficult to establish an exact contact-line between 
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the two formations owing to the graduality of the passage which continues 
for a thickness of over 600 m. In this area are found essentially fine- 
grained paragneiss (63 GB-4), with some reappearances of dark arenaceous 
schists characteristic of the upper-middle part of the Khandut formation (63 
GA-11). In this transition series it is possible to observe repeated interca- 
lations of sills of an olocrystalline fine-grained rock with porphyritic texture 
of plagitrachitic composition (63 GA-6, -10) with thicknesses of up to 5 m. 
The discovery of these rocks constitutes a motive of correlation with 
analogous rocks found more to the east. In fact, Haypen (1916, p. 301) 
reminds us that «in the Little Pamir the slates are penetrated everywhere 
by intrusions of dark, igneous rock » which he believes to be the same as 
that outcropping in the Karakokti and Karachukar (Taghdumbash Pamir). 
According to H. Waker, who studied the samples collected by Hay- 
DEN, these rocks are to be regarded as dacite and as quartz andesite. 
According to Hayven, pebbles from those rocks are also contained in the 
Tertiary conglomerate of Reshun, near Avi, and thus their age should be 
pre-Tertiary, but later than that of the slates which Hayven believed to be 
post-Palaeozoic. 
It therefore seems very probable that the plagitrachite of the Qala Pa- 
nja could represent the dacite and quartz andesite included in the black 
slates further to the east. 


2.9. Babatangi-Lunkho Granodiorite. 


The axial zone of the Hindu Kush range is occupied by a batholith of 
granitoid rocks stretched according to the orographic directions, that is from 
SSW to NNE (Desio, 1960). The roof of the batholith, made up fundamen- 
tally of the metamorphites of the Khandut and Qala Wust formations, had 
been removed almost everywhere by the erosion along the axis of the range, 
where the granitic infra-structure is exposed in an imposing succession of 
peaks, the greater part of which reach heights varying from 6000 to 7000 m, 
and culminate in the 7392 m of Mount Noshaq. The axial batholith of the 
Hindu Kush was reached at two points in the course of the Guy expedition 
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1963, in the Babatangi chain, at 6513 m, and in the Ishmara and Lunkho 
range, the latter with a height of 6870 m. 

In the Babatangi chain the roof of the batholith is made up of black 
slates and fine-grained paragneiss of the Khandut formation and the contact 
is characterized by a vast belt of injections and of endomorphic contamina- 
tions of igneous rocks. 

The contact zone was observed along the Babatangi valley at about 
4000 m of altitude. 

Facies of injection gneiss (63 GD-13), garnetiferous banded gneiss (63 
GD-14) and feldspar augen gneiss (63 63 GD-4), are to see in the metamor- 
phites next to the usual dark paraschistose facies (63 GD-7). 

The emplacement of the Hindu Kush batholith have evidently super- 
imposed mineral paragenesis of progressively deeper and deeper zones to 
the prevalently epimetamorphic series constituting the Wakhan. On the 
whole, two zones can be observed: « biotite and gamet zone » on the out- 
side, and « biotite, garnet, orthoclase and plagioclase zone » on the inside, 
this last noteworthy for a typical migmatitic facies. 

An intense late- and post-cinematic leaching of the alkali present in these 
rocks has led to the growth of muscovite porphyroblasts in the metamor- 
phites themselves, even at great distance from the batholith. 

A very coarse-grained rock, with slightly oriented structure, correspond- 
ing to a leucogranodiorite (63 GC-1) is found in direct contact with the 
schists. In the mass, which appears crossed by numerous aplite dykes 
(63 GC-3), diffused dark schistose arenaceous xenolites can be observed. 

In the peripheric belt also appear granular masses slightly more femic of 
a distinctly porphyritic texture, quartz dioritic in composition (63 GD-16). 

The relation between these masses and the leucogranodioritic types 
has not been made clear. 

Little by little as one proceeds towards the axial zone the number and 
the dimension of the feldspar megacrystals diminish and the rock assumes 
a tipically equigranular structure, while the composition stabilizes itself as 
granodioritic type (63 GD-15, -17, -19). Further massive differentiations can 
be observed, probably contemporary with the emplacement of the grano- 
dioritic body whose composition varies between quartz diorite (63 GD-16) 
and calc-alkaline granite (68 GC-4). The principal mass seems to be crossed 
with numerous dykes which have been prevailingly intruded into a system 
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of vertical joints or slightly dipping to the north, in east-west direction. 
These late magmatic convoys are represented both by indifferentiated bo- 
dies, only distinguishable by a fine-grained fabric and by mafic microdioritic 
differentiations (68 GD-18). 

The same dykes are to be found in a wide radius even in the sorrounding 
metamorphites. Also noticeable are lenticular masses of serpentinite (63 
GM-18). 

The mountainous range of Ishmara, on the other hand, seems to be 
fundamentally made up of augen gneiss and of garnetiferous biotite granite 
gneiss which, in the southern part, grade into quartz dioritic and granodio- 
ritic clearly porphyritic types, analogous to those forming the peripheric 
facies of Babatangi. 

The essential difference from the latter consists in the fact that in the 
Ishmara the axial batholith remains in contact with the gneissic rocks of the 
Qala Wust formation. The contact probably takes place at a deeper level 
of regional metamorphism, thus facilitating the diffusion of mixed rocks of 
embrechitic and anatexitic types as are prevailingly the gneiss of the Ishma- 
ra range. 

To recapitulate, it can be said that the granodiorite batholith appears 
to be enveloped along all the northem slope of the range by the above men- 
tioned metamorphites. 

Different petrographic and petrogenetic conditions occur at the contact 
of the granodiorite both with the Khandut and Qala Wust formations. The 
contact of the granodiorite body with the Khandut formation is noteworthy 
both for the endomorphic modification of the igneous mass and for pheno- 
mena of exometamorphism with mobilization and migration of elements into 
the paraschists themselves. The homogeneus petrographic composition of 
the batholith in its internal parts assumes in the peripheric zones a great 
variability both with sialic differentiation from leucogranodiorite to granite 
and with more decidedly femic, from quartz diorite to diorite. A network 
of aplitic microgranodioritic and microdioritic dykes and apophysis radiates 
into the metamorphites of the Khandut formations. The contact facies of 
the schists are noticeable by the difhusion of garnet and by an intense felds- 
pathization which caused the metablastic growth of microcline and sodic 
plagioclase in the schists themselves. The contact with the Qala Wust for- 
mation, probably belonging to a deeper level, seems much more homoge- 
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nous and transitional, with large diffusion of mixed rocks of embrechitic and 
anatexitic type, grading to the granodiorite of the batholith. Actually one 
may also recognize in the axial] batholith of the Hindu Kush that convergence 
of intrusive and thermo-metamorphic phenomena and of anatectic processes 
which were observed in the batholith of the Karakorum (Desio & ZANET- 
Tin 1957, ZANETTIN 1964) and ina few plutons of the Badakshan (DeEsio, 
PasQuaRE & SPADEA 1964). 


3. COMPARISON WITH SIMILAR FORMATIONS OF THE SURROUNDING TER- 
RITORIES. 


From the reports of Haypen (1916) and Brickt (1935), to which we re- 
ferred in a preceding paragraph, it seems as if our Khandut formation, or a 
part of it, can be correlated to the Wakhan Slates. However, we thought it 
necessary to keep it distinct, both because of the presence of limestone in 
the former, and because of the lack of precise data for a correlation, as we 
do not know type-sections either of the former and of the latter. 

With regard to the Wakhan Slates, it must be said that the stratigraphi- 
cal position is subordinate to the accuracy of Haypen’s statement (p. 311) that 
the Wakhan Slates are merely metamorphosed representatives of the Sari- 
kol Shales. The position of the latter should be determined by their un- 
derlying to the Pamir Limestone, or rather to a limestone attributed, al- 
though without palaeontological proof, to the Carboniferous. However, this 
interpretation is not accepted by the Russian geologists who have studied 
the Pamir. We limit ourselves to mention here the opinion of V. VinocRa- 
pov given in the « Lexique Stratigraphique International» of the Soviet 
Union (1958), under the heading « Pamir Limestone »: « thich mass of lime- 
stones overlaying the so-called Sarikol Slates and belonging to the Trias- 
sic, Jurassic and Cretaceous. Recently it was realised that the Pamir Lime- 
stone is not a single and continuous mass. Under this name are wrong: 
ly gathered calcareous horizons of a series of formations separated by in- 
tervals from one another. This name has no stratigraphic meaning ». 

We must also remember that neither above the Khandut Slates nor, as 
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far as one can understand from Hayven’s writings, above the Wakhan 
Slates, outcrop a thick limestone beds of the type of the Pamir Limestone. 

Another correlation may be attempted owing to a certain affinity of geo- 
logical composition, with the Misgar Slates (DEsio & Marmina, 1972) of the 
upper basin of the Hunza river in North-west Pakistan. This formation is 
fundamentally composed of a series, 5000 m thick, of black arenaceous slate 
with few intercalation of greyish arenaceous quartzite and some sills of por- 
phyrite which seems to correspond to the Wakhan Slates. However, lime- 
stone intercalations are lacking in this formation, but there is another forma- 
tion at the contact with the Misgar Slates (that is the Kilik Formation) 
composed of dark, thin-bedded limestone and dolomite separated by dark- 
grey arenaceous slate associated with brown sandstone and red arenaceous 
slate. 

Could it be that Khandut Black Slates include the Misgar Slate and 
the Kilik Formation together? 

We have not sufficient data to reply. It is only worth while adding 
that these two latter formations are to be found in a tectonic situation fairly 
similar to that of the Khandut Slates in the frame of the general structure 
of that territory (Desio, 1965b). If the correlation is valid, we can however 
only say that, as regards the age, this is a formation which could be attri- 
buted to the Palaeozoic. 

Other lithologically similar formations are present in Badakhshan as we 
have seen in precedent chapters. 

The same observation can be made about the Pamir where, in the area 
around Namangut, near the western boundary of Wakhan, black slates with 
fossils from the Triassic have been collected (N. A. Kuorev, 1956). The 
above confirms the difficulty of correlating the Khandut Black Slates with 
other formations composed prevailingly of black shales or slates, owing to 
the repetition of similar lithofacies, in different geological levels. 

~ However, on the age of the Khandut slates we get another element of 
judgement regarding its relation with the Babatangi Granodiorite. As has 
been said, the black slates were metamorphosed by the granodiorite for 
which their age is evidently anterior. 

We have no data on the age of this granodiorite, but the Tirich Mir 
Peak rises a short distance away and this is also composed of a granodiorite 
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comparable with that of the Babatangi, and in any case belonging, like the 
other, to the axial batholith of the central Hindu Kush, the age of which 
has been determined. The sample was taken by the 1964 expedition of 
Kurt-DreMBERGER on the southern slope of the group, and according to the 
determination effected by the Rb/Sr method at the Laboratory of Nuclear 
Geology at the University of Pisa, an age of 115 + 4 M.Y. was given. This 
means, of course, the Lower Cretaceous, for which the Khandut Black Sla- 
tes are to be considered pre-Cretaceous: at the moment we are not in a 
position to say much more. If we now attempt to correlate the other for- 
mations identified in south Wakhan, we find ourselves confronted with even 
greater difficulties. The lithological data at our disposal on the Qala Wust 
Gneiss are insufficient for an efficacious comparison with similar formations 
of surrounding territories, the more so as there are several gneiss formations 
in nearby Pamir and east Badakhshan. 

A reason for comparison may be due to the metamorphic zoning of Al 
pine age which effect the Qala Wust Gneiss and in part also the black shales 
at the contact with the axial batholith of the Hindu Kush. Analogous condi- 
tions, above all as far as the biotite-garnet, biotite-orthoclase and_plagio- 
clase migmatite zones are concerned, have been met with in the metamor- 
phic layers of south-western Pamir by A. G. Davypenxo (1966) who con- 
sidered them similar to the Wakhan series. According to this author this 
zoning was due to the thermal action of plutonic post-Jurassic masses. 


4. OUTLINE OF THE LOCAL TECTONICS. 


In Wakhan, as in many tectonized regions, often there are two distinct 
systems of tectonic dislocation of different size. The entire tectonic style 
of the territory depends on the principal or the first degree system, while 
the details of the tectonics of the region can be attributed to the second. We 
shall deal first of all with the principal. 

We already mentioned the presence in the Amu Darya valley of a main 
dislocation line which the Russian geologists called the peripheric southern 
fault of the Pamir (BARKHATov, 1963). This fault, which roughly follows the 
river between Ishkhashim and Qala Panj, proceeds towards the east along 
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the valley of the Pamir river until it joins the Hunt-Alichur fault, which di- 
vides the tectonic zone of South-east Pamir from that of South-west Pamir, 
and, further east, from the Kara Chukur — Upper Hunza tectonic zone (De- 
sio, 1965b). 


The peripheric southern fault of the Pamir represents a deep and 
ancient scar of the earth’s crust which separates two geotectonic systems sub- 
stantially different in structure and history, the ancient cratonized block of 
South-west Pamir, and to the south the intensely corrugated geosynclinal 
belt of east Hindu Kush, of Cimmerian age, reworked during the Alpine 
orogenesis. 

This is not visible in several points of the area visited in Wakhan, but 
it is well exposed in the neighbourhood of Zebak, where Desio was able 
to see along the fault-line a bed of friction breccia some hundreds of metres 
thick (page 287). 

We have no data as to the size of the throw of the fault, but we are 
of the opinion that it may be some thousands of metres. 

We mentioned beforehand the branching of the above fault to the east 
of the confluence of the Pamir river with the Wakhan river. In fact a 
branch could re-ascend the valley of this latter river and perhaps joins the 
Upper Hunza fault, but this is purery a working hypothesis as none of us 
had the opportunity of following the valleys of Wakhan and Little Pamir 
up to their sources. 

As far as is known on the tectonic structure of the southern slope of 
the valley a decided parallelism can be pointed out in the trend of the tecto- 
nic lines and the stratigraphic units, for which on this slope the same forma- 
tions are exposed for many kilometres at last for the stretch explored as far 
as the village of Rorung. However it cannot be excluded, and we think it 
probable, that this is not a continuous stratigraphic series, but repetitions 
along overthrust planes and therefore rather sloping down. 

We have already mentioned the small tectonic feature: two fault systems 
are present approximately perpendicular one to the other and with a N 50°-55" 
E and N 25°-30° W orietation. The first are mostly reverse faults, the second 
normal faults and they are more recent than the preceding ones. 

On the whole, the territory results in being dissected by the two fault 
systems into irregular blocks prevailingly developed in east-west direction 
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that is to say parallel to the principal tectonic lines of the Pamir, Hindu Kush 
and Karakorum. 

This tectonic structure fits in with the general scheme of this portion of 
Central Asia proposed by Desto (1974b). 


VI. TECTONICS 


1. INTRODUCTION. 


While knowledge of the tectonics in Pamir and Tadzhikistan has ra- 
pidly developed especially since the Second World War, knowledge of the 
structure of Badakhshan has remained mainly at the stage of extrapolation 
based on the information acquired in the above mentioned areas. 

It should also be mentioned that in the large area comprising Pamir, 
Tadzhikistan and Afghanistan, Badakhshan covers only a relatively restric- 
ted area. 

The first serious attemp to interpret the main tectonic structure of Ba- 
dakhshan and its relationships with neighbouring territories based on data 
collected in the field was made in 1963 and was the first result of geological 
research undertaken by Desio’s Expedition which operated in Badakh- 
shan in 1961. In the first preliminary report by Desio, the existence of an 
assemblage of the Pamir tectonic zones resulting from the convergence of 
the main faults which divide the Pamir area towards the south-west, that 
is around Faydzabad, was recognized. In this study, as in the others which 
followed, the Pamir tectonic zones were correlated with those of Badakhshan 
and with those of the surrounding territories both to the east and west (DE- 
s1o, 1964b). Further details about the tectonics of Badakhshan appeared in 
later publications based on the expedition results, all of a preliminary na- 
ture. In particular, the geological map of Central Badakhshan at a scale of 
1:150.000, published in 1964 by DEsio, Martina & Pasquare, also included 
in this volume together with brief notes by the same authors, gives other 
details. 

Only in recent years has a brief account by Arcuipov, LEonov & NI- 
conov (1970) appeared, in which the tectonics of our area are discussed sum- 
marily, based on the information given by earlier authors (including prelim- 
inary information published by us) and data taken from original publica- 
tions by the authors themselves. A sketch-map on the scale of 1:600.000, 
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Fig. 40 - Tectonic skech-map of Central Badakhshan, from the surface geological survey of the Desio’s expedition. (The dashed lines 
mark the boundaries of the tectonic zones). 


Faults 


Milonitic belt 


Anticline 


Syncline 


Anticline with 
overturned beds 


Uniclinal beds 


Limit of tectonic --------- 
zones 


HH 


59°40" 69°50 


yy 


35°30 
badinedl 69°50" 70° 


37°10" 





7° 20° 


cle 


SOINOLOAL 


INTRODUCTION 313 


partly based on our geological map and on the tectonic sketch in which 
the tectonic zonation of western Pamir and Badakhshan also appears, is of 
particular interest to us. It must be mentioned here that the study by H. 
W. WEtiMan (’) (1966), which presents the fault pattern on a map based 
on an air-photo-mosaic of a very laige area comprising Iran, Afghanistan 
and a part of West Pakistan, is very important for the interpretation of the 
tectonics of our area. 

It is considered necessary to indicate in detail the concepts which we 
have adopted for the tectonic interpretation of our area and the factual 
data on which these are based. These latter data are illustrated in the fol- 
lowing section and are graphically summarized in the tectonic map (Fig. 40) 
and the geological sections of fig. 41. 


2. SHORT DESCRIPTION OF THE LOCAL TECTONIC ELEMENTS. 


In the extreme south-western part of the area surveyed, that is between 
Khatayan and Gazestan, the sedimentary formations resting on the crystalline 
basement dip regularly and gently westwards. This trend is interrupted in 
the north-east by two branching and subparallel structures: 


a) Elftaw anticline, situated between the village with the same name and 
Mir Badal striking SE-NW, with a core of Baba Darwes Formation lime- 
stones and the steeply dipping limbs composed of Kokcha Formation clastic 
deposits. 


b) Archa Kotal anticline, located a little to the north of the pass of the same 
name, striking SE-NW, with a core of Baba Darwes Formation limestones 
and the Kokcha Formation steeply dipping limbs. 

Other anticlines appear to have formed as a result of a high in the 
crystalline basement characterised by the presence of an intrusion of Jalmish 
Tonalite in the Farkhar Slate, outcropping just south of Astana Tepa. This 
characteristic structural style is present throughout the most westerly area 


(1) This author did not take into account our notes and our geological map of Central Ba- 
dakhshan included in the present volume but published in 1964. 





Fig. 41 - Tracing of the tectonic sections across Central Badakhshan. — Fig. 42 - Tectonic sections through Central Badakhshan. 
(The sections are enclosed at the end of the volume with the Geological Map). 
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studied (west of Kakan), where the sedimentary rocks overlying the crystal- 
line basement follow his trend, that is plung towards the Kokcha valley. 
They gently repeat the swells and depressions in the crystalline rocks which 
are intruded at greater or lesser depth by plutonic bodies in the Farkhar 
Slate (Fig. 41 b, section 2). 

On the right side of the Farkhar valley are found: 


c) The Shingan fault, subvertical, striking ESE-WNW, which branches 
towards the NW. This fault is down thrown on the south-west and the 
Shingan Conglomerate and the Qara Bulaq Sandstone are in contact with 
the underlying Farkhar Slate. 


d) Khurmab fault: this runs mainly in a north-south direction for about 20 
km, a few kilometres east of the Farkhar river, placing in contact, tecto- 
nically, the Farkhar Slate and the Jalmish Tonalite. The contact is gene- 
rally seen to dip towards the west, but in the Khurmab valley it dips steeply 
towards the east. 

In the crystalline basement can be observed: 


e) The Kishem fault, situated above (that is to the SSE) of Kishem striking 
NNW-SSE. This fault, on which the Mashad valley is imposed, places the 
Jalmish Tonalite in contact with the Naghz Darrah Tonalite 3 or 4 km SSE 
of Sang Ab. 


f) The Sang Ab fault, which runs in a north-south direction north of Sang Ab 
village. The contact between the Farkhar Slate (to the west) and the 
Naghz Darrah Tonalite (to the east) is marked by a belt of blastomy- 
lonite and mylonite about 1000 m thick. Naturally the Farkhar Slate 
is strongly dipping and affected by local faults, as for example in the valley 
immediately to the east of Kangurchi. The same tectonic contact, still with 
a north-south strike, extends into the upper valley of the Wakhshi river 
(along the righ side) displaced, however, some kilometres to the east. 

The course of the Kokcha river, in the area below Artin Jelaw, has a 
parallel trend, in broad terms, to that of the axes of certain folds that affect 
the Kokcha Formation. These axes are regularly aligned a few kilometres 
south of the river. In fact downstream from Darina, that is near the 
western border of the area mapped, the direction of the Kokcha is SE to 
NW, like the axes of the two anticlines of Elftaw and Archa Kotal, mentioned 
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above. Higher, between Darina and Artin Jelaw, the Kokcha runs first 
east-west, then WSW-ENE and finally SW-NE, that is parallel to the axes 
of three folds which are respectively: 


g) Jeldragh anticline, located immediately north-west of the village of the 
same name, striking east-west with a core formed of Bluti Formation rocks 
and steeply dipping limbs of the Kokcha Formation (and the Baba Darwes 
Formation at Jeldragh). 


h) Chahar Tut syncline, located between Sar Chashma and Chahar Tut, 
striking WSW-ENE involving only the Kokcha Formation; 


i) Ghelawuk syncline, in the Kokcha Formation with the axis striking NE- 
SW and passing through Ghelawuk. 

Above Artin Jelaw and as far as Qara Kamar, the Kokcha valley cuts 
two folds almost at right angles, that is: 


j) Gaji anticline, in the Kokcha Formation, with the axis striking NE-SE and 
passing through the village of the same name; 


k) Sabzi Bahar syncline, striking NW-SE in the clastic deposits of the Kokcha 
Formation, near Sabzi Bahar. 


Above Qara Kamar, as far as Wular, the Kokcha river cuts the crystalline 
basement. In this tract about 50 km long, the following tectonic elements 
occur: 


1) Petwan fault, an important regional tectonic discontinuity marked 
by the presence of the Petwan Blastomylonite. This belt, located between 
the Kakan Quartzdiorite (to the west) and the Halga Jar Amphibolite ( to the 
east), between Ishkashan and Samati is 1000-1500 m wide and strikes NW- 
SE with a 45° dip to the east. Towards the south the belt increases in thick- 
ness until it attains 6000 m at Hafez Mughul, while the strike changes 
towards the south; 


m) Halga Jar anticline, which extends for at least 15 km south of the Kok- 
cha river, between Halga Jar and Eran Shah; this fold in the Halqa Jar Am- 
phibolite strikes north-south, and in the southern area is overturned towards 
the east; 


n) Qara Mughul syncline, a fold in the Qara Mughul Gneiss striking SSE- 
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NNW and aligned south of the Kokcha river between Qara Mughul and 
Batash, striking north-south and then SSW-NNE north of the river (Fig. 42 
b-c, sections 1 & 11); 


0) Naw Abad Fault, located immediately NE of Faydzabad as far as Sar 
Darrah, striking SW-NE; 


p) Kaferan pass wedge, elongated in a SSW-NNE direction for at least 20 
km starting in the upper valley of Sum Darrah; comprising Devonian-Ju- 
rassic limestones squeezed between the Rabat Gneiss; 


q) Faydzabad anticline: a large, important fold with axial plane plunging 
westward. Its core comprise the oldest and deepest rocks of the region 
(Faydzabad Gneiss). The axis of the structure, which crosses the Kokcha 
valley at Khanaga, is orientated SE-NW south of the valley and SW-NE 
north of the valley itself. The eastern limb is formed of Rabat Gneiss, 
while the western one comprises the heteropic Qara Mughul Gneiss. 

The area east of Wular, as far as Baharak, is characterised by a series 
of tightly folded anticlines and synclines striking NNE-SSW and formed 
mainly of Devonian-Jurassic limestones, black slates and Rabat Gneiss. Im- 
portant sub-vertical faults with a general NNE-SSW strike affect these folds 
longitudinally, reducing them occasionally to simple slice extending for tens 
of kilometres (Fig. 42 b-c, sections 3,7 & 10). These faults are: 


r) Dasht-i-Pan fault, from Wular to Koh-i-Sur Khan; 
s) Char-Su pass fault, with a variable direction; 


t) Furmoragh fault, with an arcuate trend along the Syah Jar valley, the 
Wuran Shahr pass and the eastern slope of Koh-i-Sur Khan; 


u) Jurm fault, which passes immediately to the west of the village of 
Naw Jurm and which may represent the southern extension of the Fur- 
moragh fault, south of the Baharak plain. 

Between this series of faulted structures and the Baharak plutonic body 
one finds: 


v) The Shiwa river syncline, striking NNE-SSW from the valley of the same 
name towards Naw Jurm, developed in black slates (Fig. 42 b-c, sections 1,5 
& 9). 
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w) Baharak fault, the north-south arcuate outline which determines the con- 
tact between the black slates (on the west) and the Baharak pluton or the 
sialic granite-gneiss (outlet of the Zardew and Warduj valleys, Fig. 34) in 
which the presence of a series of small parallel faults can be seen and these 
are: 


x) Malang Ab faults, striking NW-SE which near Wakh Shir reach and af- 
fect the neighbouring black slates. 

Lastly, east of the Baharak Granodiorite (with associated granite gneiss 
and Tarang Gneiss) is found the: 


y) Koh-i-Chahil anticline, located in the middle Kurkhu valley, with its axis 
striking NE-SW and with a core of Kurkhu Gneiss (Fig. 42 b-c, sections 
1 & 14). 


This is the bare outline of the main structural elements identified during 
the geological mapping undertaken in the territory studied. From an exa- 
mination of the geological sections and the tectonic map it may not be easy 
to appreciate the relative importance of the individual elements and the role 
each plays in the regional tectonic scheme. This is true more of the faults 
than of the folds. These faults will be discussed below. 


3. CRITERIA FOR THE TECTONIC ZONATION OF BADAKHSHAN. 


Before presenting a subdivision of the tectonic zones of Badakhshan, 
on which correlations with the surrounding areas can be easily based, it is 
necessary to remember the criteria which have been used to unravel the tec- 
tonic zones of our area, without illustrating those criteria adopted by other 
authors in their analyses. 

Obviously, the greater the knowledge of the stratigraphy and tectonics 
of an area, the easier it is to choose the criteria. It is necessary to remem- 
her for our part the tectonic divisions of Pamir, because Badhkhshan lies 
on the south-western tectonic extension as clearly indicated by Desio (1963- 
65). Moreover, Pamir has been better studied geologically than Badakh- 
shan to date. | 

The subdivions most widely accepted by the geologists who have stu- 
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died the Pamir are those proposed by B. P. BarkHatov (1963) in a very val- 
uable work. The principles on which Barxnatov based his tectonic ana- 
lysis include the idea that the various tectonic zones are dependent on the 
palaeogeographical evolution. The main parametres adopted by BaRkHa- 
Tov for his subdivision of the Pamir into tectonic zones and subzones can 
be summarised as follows: 

1) the epoch when the development of the final geosynclinal phase 
ended for each tectonic zone: 

2) the duration of evolution of the geosyncline after the Cambrian; 

3) the predominant (positive or negative) character of the vertical 
movements which followed the end of the last geosynclinal phase. 

It should be mentioned immediately, however, that in order to have a 
tectonic zone as understood by Barkuatov which has a palaeogeographical 
evolution different from that of the neighbouring areas, it must be sepa- 
rated from these by long, profound and long-enduring fractures (geosutu- 
res). Only if these conditions exist, can an isolation of the tectonic zone 
take place from the neighbouring zones and thus allow a certain indepen- 
dence of palaegeographical evolution to occur. 

It appears therefore that the primary element to consider is that of the 
presence of geosutures on which the division of the area studied into blocks 
depends. If the blocks are broken and disordered by a system of geosu- 
tures, it is obvious that their palaeogeographical evolution also developed 
in a more or less markedly independent way. It follows that the palaeogeo- 
graphical evolution is a complementary parameter, or parameter which 
serves to control the previous one. It is possible to object that this reasoning 
can be reversed, but it is known today that geosutures are not necessarily 
inferred from the palaeogeographical independence of the tectonic blocks 
which surround them, but with geophysical methods, especially seismic 
and gravity surveys as well as, naturally, surface geology. 

For these reasons, an attempt has been made to distinguish these 
geosutures in the area studied, to relate them to those known in the Pamir 
and then study their true tectonic significance in the palaeogeographical 
evolution of the areas which surround them. In practice it is sufficient to 
compare the stratigraphical sequences of the areas to achieve the same re- 
sults: the stratigraphical sequences are in fact a detailed account of the pa- 
laeogeographical events to which the area in question has been subjected. 
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It is also possible to proceed in the opposite sense, moving from the best 
known towards the least known. One can move, therefore, from the alrea- 
dy established tectonic zonation of Pamir and search in Badakhshan, among 
the tectonic lines observed at the surface, those that as a result of orientation 
and the geological characteristics of the surrounding areas are best adapted 
to represent the continuation of the above-mentioned geosutures. 

It is obvious that in a fracture (and fault) system in a specific area there 
is normally a certain rank depending on the depth, length and permanence 
through time of the fractures and faults. If, as already mentioned, the 
longest, deepest and persistent fractures characterize the principal fractu- 
res, those with the same but less developed characters, would serve to 
break up the area into tectonic subzones. 

It is worthy of note that the emergence of the fractures at the surface 
depends on particular circumstances often related to the geomorphological 
evolution of the area. 

If account is taken of the evidence presented above it is apparent that 
the tectonic subdivisions of Pamir can be applied to Badakhshan. These 
subdivisions are presented here in summary from the work of BaRKHATov 
especially from his 1963 monograph, which appears to be valid still in large 


part (’). 


4. THE PAMIR TECTONIC ZONES. 


According to Barxuatov and others, the Pamir area can be divided into 
four tectonic zones, bounded by deep peripheral fractures or faults. The 
most important of these, the Wanch-Akbaytal fault, separates the Palaeozoic 
structures of the Norhern Pamir from the adjacent predominately Mesozoic- 
Cenozoic tectonic zones. These structures are succeeded to the south by 
the Central Pamir which is separated from the South-eastern Pamir by the 
Rushan - Pshart fault. The South-western Pamir lies further south and 
is structurally independent. It is separated from South-eastern Pamir by 
the Hunt-Alichur fault. 


(1) BarKHaTov's general tectonic scheme is to be found with only slight modification in the 
respective tectonic maps in the « Atlas of the Tadzhikistan Soviet Socialist Republic » published 
by the Nauk Academy of Tadzhikistan in 1968. 
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North of the area mentioned above there is another Palaeozoic tectonic 
zone, the Pamir-Alay. 

The southern boundary of these Pamir tectonic zones is marked by the 
Southern Pamir fault. 


1. The North Pamir zone belongs to the Kun Lun orogenic system 
which was affected by a main phase of diastrophism during the Hercynian 
orogeny (Permo-Triassic), but later was affected by the events of the Me- 
sozoic-Cenozoic geosyncline. However, the Alpine orogenic phase the « Ka- 
rakorum phase » (as it is called) did not produce any independent tectonic 
effects. 

2. The Central Pamir zone was affected by a developing geosyncline 
from the Early Palaeozoic to the end of the Mesozoic and the Alpine oro- 
geny produced the central meganticlinorium with very complicated folding. 

3. The South-eastern Pamir zone was affected by palaeogeographical 
and tectonic events analogous to those of the previous zone, but the geosyn- 
clinal stage began in the Late Palaeozoic. The structure is relatively sim- 
ple because the Precambrian crystalline basement lies at shallow depth. 
The plutonic and volcanic rocks are related to the Alpine orogeny. The 
structures of Alpine age form a mega-synclinorium. 

4. Finally, the South-western Pamir zone comprises a crystalline massif 
of Precambrian age, which did not undergo any substantial transformation 
during the subsequent orogenic phases. 

The old age of the crystalline basement in Central Pamir is contested 
by E. J. Leven (1963). Also the age of the crystalline massif of the South- 
western Pamir has to be partially altered in accordance with the results of 
some radiometric age determinations (L. L. SHanin et al. 1969), but the tec- 
tonic scheme still stands. 


5. THE MAIN FAULTS IN BADAKHSHAN. 


Our research into the surface geology has resulted in the recognition 
of numerous faults in Badakhshan, of which only some play an important 
role in the regional tectonics. Particular importance must be given to these 
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tectonic lines which, as in Pamir, determine the limits of the tectonic 
zones into which the area surveyed can be divided (Fig. 43 and 46). 


a) The Zebak-Munjan fault passes through the south-eastern part of the 
region studied about two kilometres from Zebak village and is aligned be- 
tween NE and NNE and the dip of the fault plane is almost vertical. A 
thick layer of mylonite which accompanies it indicates the importance of 
the dislocation (page 287 and Plate VIII, fig. 1 & 2). Above Zebak the fault 
follows the Sanglich valley as far as the pass of the same name and then 
runs towards Shar-i-Munjan and the Panjshir valley. 

The Zebak-Munjan fault is also indicated in a report by P. Bor- 
pET & A. BovutiereE (1968). According to these authors it passes 
through the village of Zebak in a north-south direction deviating just below 
it towards the NE to pass near the village of Zar Khan. Above, it runs 
along the right flank of the Sanglich valley where it is clearly visible and 
beyond the pass of the same name it runs along the right flank of the Tegao 
valley and ends near Shar-i-Munjan. 


It should be noted only that, near Zebak or below, the line of fault indicated 
by the two authors runs through an area covered with alluvium and moraines and 
thus should be considered hypotetical. According to the data we have collected 
around Zebak (page 288), the fault passes south-east of the village, as already men- 
tioned. 


The Zebak-Panjshir-Ghorband fault is here interpreted as the western 
extension of the South Pamir fault of BARKHATov (1963) and as the eastern 
extension of the « Ghorband line » of Bricxt (Desio, 1960) and the Gor- 
band-Panjshir-Anjuman line of Desio (1965b). It agrees, therefore, in a 
general way with the eastern part of the Herat fault of WELLMAN. 

In WetiMan’s fault pattern, two lines of dislocation converge near Ze- 
bak, the main one, with a north-easterly strike, represents the eastern part of 
the Herat fault, the other secondary one with a NNE strike, which, in order 
to distinguish it will be called the Sarobi-Zebak fault (*), probably represents 
the north-eastern part of the Gardez fault of Hrucxrora & Karim (1970) 
and intersects the previous one about 40 km south-west of Zebak, passing at a 
short distance to the west of the village. A second rather short fault fol- 


(1) Towards the south-west it passes near Sarobi village on the motorable trail Kabul-Peshawar. 
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lows a line which bisects the angle formed by the two faults discussed 
above, extending towards the north-east. 

It can be asked at this stage which of the lines indicated by WELLMAN 
corresponds to the Zebak-Munjan fault. The presence of a great thickness 
of mylonite and the series of thermal springs in the Sanglich valley (BorpET 
& Boutiere, 1968) underlines it and suggest that it is the most important 
dislocation, that is the Herat fault. However, the Herat fault, according to 
WELLMaN’ss scheme, passes some fifteen kilometres south-east of Zebak, 
while the Zebak-Munjan fault passes less than two kilometres from the 
village mentioned above. In strike and topographic position the Zebak - 
Munjan fault seems to correspond either to the Sarobi-Zebak or the secon- 
dary fault which bisects the angle between the two main faults. As men- 
tioned above, however, the presence of a considerable thickness of mylo- 
nite and thermal springs do not support these interpretations. 

It can thus be suggested either that the line indicated on WELLMaN's 
map must be changed near Zebak by moving it several kilometres towards 
the north-west or that two faults equivalent to the Herat fault exist, one 
near Zebak, the other to the south-east. Both probably join eastwards in 
the Ab-i-Panj valley floor and connect through a wide arc with the South 
Pamir fault of BarkHatov. The fact that near Zebak WELLMan’s fault line 
is dashed, suggest that in this part the position was not determinable on 
the aerial photographs, however the second hypothesis also appears suff- 
ciently credible. 

b) The Shiwa fault is represented by a boundle of faults with strikes 
varying between NE, N and NW. 

Our studies of the Lake Shiwa area were not sufficiently extensive to 
distinguish the various faults which intersect this zone and moreover the 
vast mountainous area which extends SW from the lake is unknown. An 
important fault recognized by us cuts diagonally across the Nakhshir Par val- 
ley (Nakhshir Par fault) about 12 km from Lake Shiwa where a mass of gra- 
nite, mylonitized in part, outcrops in contact with blac kslates. It strikes SW 
and its south-westerly extensions passes into a black slate area where it is 
poorly recognized because of the plastic characteristics of these rocks. 

Two other faults are clearly visible in the mountains which rise north 
of Lake Shiwa, one striking NNE, the other ENE. Bands of mylonite orien- 
tated NE are present in the central part of the area under consideration, 
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but their south-westerly extension is not known. The Zardew valley, which 
runs further to the south, is crossed by various faults with strikes which 
range from N-S to NW and these probably join, at least in part, with those 
of Shiwa and then extend southwards, that is towards the upper Warduj val- 
ley. Various faults cut this valley also, but we were unable to determine 
how they are linked to these established further north. 

According to our interpretation (DEsio, 1964), the Shiwa fault starts in 
the convergence of the Hunt-Alichur fault with the Rushan-Pshart fault of 
BarKHATOV. In this connection it is interesting to note that between the 
faults indicated by WetiMan in the NE corner of his map, the Shiwa fault 
appears again extending NE of Shiwa more or less along the Rushan-Pshart 
fault. Then the fault deviates at a point where the Rushan-Pshart fault 
bends ENE to join the Bartang fault of BARKHATov, a secondary fault, which 
towards the NE joins with the Wanch-Akbaytal fault, one of the most im- 
portant dislocations in the Pamir. 

According to WELLMaN a secondary fault, corresponding to the Nackh- 
shir Par fault, about 70 km long and trending NE-SW continues with some in- 
terruptions towards the NE into the Pamir following for a certain distance 
the Jasgulem fault of BarxHatov. Towards the SW, another fault reported 
by We.iman, having the same trend, starts near Jurm and possibly repre- 
sents the continuation of the fault entering the Pamir (Jurm-Anjuman fault) 
which will be discussed later. If, as it appears, it is only one fault, which 
could be called the Jasgulem fault, its lenght would be at least 360 km. 


c) The Jurm Fault (Drsto, 1965b) is also formed by a fault belt and it is 
well recognizable to the north of Jurm where it follows the contact between 
formations of different ages. This is also shown in the geological map en- 
closed with the present volume (’). The fault belt strikes mainly north-south 
and towards the south merges into one fault which seam to follow the up- 
per Kokcha valley above Jurm village. The « Jurm fault », an active fault 
belonging to WeLLMan’s group originating near Jurm village, was named 
by Heuckroru & Karim (1970) and continues for about 120 km in a SSW 
direction. 


This fault however, does not correspond topographically with the « Jurm fault » 


(1) To the north of the area explored by Desto’s expedition some geological data are published 
by LEonov (1969). 
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(Desio, 1964) which has a prevalent north-south trend and — as already mentioned, — 
seams to follow the upper Kokcha valley. The real Jurm fault forms an angle of about 
20° with the fault mentioned by WELLMAN and, instead of extending towards Mu- 
njan, continues towards Anjuman traversing at a high altitude the left slope of the 
Jurm valley. It was impossible to follow our Jurm fault in the upper Kokcha val- 
ley and therefore the exact location is unknown. 

Also it must be added that to the north of Jurm the position and trends of 
the faults observed by us in the field do not correspond to those shown on the map 
by WELLMAN. At present in order to avoid misunderstandings, since the Jurm fault 
of WELLMAN and HEUCKROTH & KARIM passes very near Anjuman, it could be called 
Jurm-Anjuman fault while our Jurm fault could be called Jurm-Munjan fault. Fur- 
ther investigations are however needed to solve this problem. 


According to Dresio (1964) the Jurm fault represents the continuation 
towards the south-west of the Wanch-Akbaital fault of BarxHaTov. 


d) The Petwan fault is represented by a belt of blastomylonitic and cata- 
clastic rocks having a width from one to six kilometres and bounded on both 
sides by faults. This belt has an irregular orientation generally N-S and 
represents the western tectonic contact between Central Badakhshan and 
Kataghan. It was impossible to follow this mylonitic belt south of 37° pa- 
rallel N ('). This belt undoubtedly represents a geosuture and possibly 
continues towards the south for several kilometres joining with the faults 
and the blastomylonitic and mylonitic belt of Sang Ab (spring). 

One of these faults was observed in the field and passes near the vil- 
lages of Taluqan and Kalafghan (Taluqan fault). It is probably more ex- 
tensive than is visible in the field because it disappears under recent de- 
posits. This fault is one of many faults having similar trends which pro- 
bably bound the Upper Amu Darya Depression. 

Many other faults were observed on the southern slopes of the same 
depression having N-S or NW-SE orientations which differ from the trends 
of the precedent faults. One of the most important ones shows a belt of 
mylonite and traverses the eastern slopes of the Kishem valley and cuts 
towards north the Sang Ab village (Sang Ab fault); one of its branches follows 
the Kishem valley (Kishem fault). Both faults mentioned above mark the con- 
tact between the Jalmish Tonalite of Hercynian age and the Naghz Darrah 
Tonalite of Kimmeridgian age. Another fault of this group strikes N-S pas- 


(1) The topographic maps of the area were not available. 
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sing near the village of Kashan (Kashan fault) and separates the same Her- 
cynian pluton from the Farkhar Slates to the east of the lower Farkhar val- 
ley. The Kashan fault disappears towards the north under Neogene and 
Pleistocene deposits; towards the south it was not observed. 

In the maps by WELLMaN no fault is shown at the location of the Petwan 
fault, but the Taluqan and Kishem faults are represented. WeELLMaN re- 
ports two faults sub-parallel to the Jurm fault which are located between 
the latter and the Kishem fault. These two faults, generally parallel to the 
Khwaja Muhammad range, cross a region which was not visited by us. The 
south-eastern one is located near the crest, the other about 20 km to the 
NW. The former could be called the Khwaja Muhammad fault, the lat- 
ter the Chambuck fault from the name of the village in the upper Kishem 
valley. These two faults are mentioned here because the Chambuck fault 
could represent the southern continuation of the Petwan fault. 

It was necessary to refer to the faults reported by WeLLMan in order 
to complete our incomplete field-data. It must be taken into account, 
however, that the reason why some of our faults do not appear on the maps by 
WELLMAN could probably be that these faults lack superficial topographic 
expression recognizable on the aerial photographs; minor displacements in 
their location could depend on the use of different topographic maps. It 
can therefore be concluded that both types of faults are generally present. 
The presence of both types provides confirmation of their existence while 
the presence of only one of them does not invalidate their presence. 

HevucxrotH & Karim compared the maps by WeLLMan with the geolo- 
gical map of Afghanistan and found that the Jargest discrepancies are pre- 
sent in the northern and eastern parts of the territory. This is easily undey- 
standable if the two different types of investigations carried aut are com- 


pared. 


6. TECTONIC ZONES OF BADAKHSHAN. 


The various tectonic zones present in the territory investigated can be 
easily recognized if the principal dislocation above mentioned are taken as 
a basis for such zonation. Furthermore, if consideration is taken of what 
has been said about their relationships with the principal dislocation lines 
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of Pamir, their correlation with the tectonic zones of that region can easily 
be recognized. This zonation, proceeding from the south-east towards the 
north-west, can be outline as follows: 


1. Mountainous region of Hindu Kush, 

la. Zebak-Munjan fault, 
2. Eastern Badakhshan, 

2b. Shiwa fault, 
3. Central Badakhshan, 

8c. Jurm fault (’), 

4, Western Badakhshan, 

4d. Petwan fault, 
5. Northern Kataghan — Upper Amu Darya Depression. 


Only a small part of the first zone, however, is an integral part of Ba- 
dakhshan; the last one is completely outside Badakhshan and its southern 
part belongs to Kataghan and the Upper Amu Darya Depression. First of 
all, the three tectonic zones belonging to Badakhshan will be discussed 
here, namely: Eastern, Central and Western Badakhshan; then the tectonic 
zones of Kataghan (see Fig. 40). 


(1) Eastern Tectonic zone lies to the east of the Shiwa fault. As already 
mentioned in the previous paragraph, the belt of dislocations traversing the 
Lake Shiwa region and the Zardew and Warduj valleys has not been sufli- 
ciently studied; therefore the western limit of this tectonic zone is at present 
badly defined. In this zone, however, the East Rabat Gneiss containing 
frequent calcareous intercalations is predominant and appears to dip under 
the Kurkhu Gneiss which in turn underlies the migmatitic Tarang Gneiss. 
Both the East Rabat Gneiss and the Kurkhu Gneiss are folded in anticlinal 
and synclinal structures and are occasionally faulted. The fold axes are gen- 
erally oriented NNW-SSE. A large pluton of Baharak Granodiorite is 
present on the western side of this tectonic zone to the north of the Zardew 
river. The pluton passes eastwards into Tarang Gneiss. 


(2) Central Tectonic zone. This zone lies between two zones consisting 


(1) In the division of Badakhshan it is not necessary to determine which of the two dislocation 
lines mentioned previously marks the boundary of this zone. 
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mainly of gneissic formations with which much younger plutonic rocks are 
associated. This Central zone contains only sedimentary formations such 
as the Kalawch Limestone of Devonian and Carboniferous ages, the Fur- 
moragh Shales (Late Triassic) and the Wuran Shahr Limestone (Late Juras- 
sic). The beds are folded and strongly faulted; the strike of the fold-axes 
and faults is north-south. 

Proceeding from north to south the width of this tectonic zone beco- 
mes narrower and is considered to be a synclinorium. 

(3) Western Tectonic zone. This zone is characterised by the Faydzabad 
anticlinorium the core of which is formed by the Faydzabad Gneiss, the old- 
est rocks outcropping in this region (Figs. 41 & 42 c). The outcrops (Fayd- 
zabad Gneiss, West Rabat Gneiss, Qara Mughul Gneiss, Halqa Jar Amphi- 
bolite) and the fold-axes are generally orientated between N-S and NNE- 
SSW as in the eastern zone. The fold-axes change direction to the north of 
Faydzabad where they occur near a mass of plutonic rock which acted as 
an obstacle to the tectonic movements. 

The formations overlying the Faydzabad Gneiss on the opposite sides of 
the Faydzabad anticlinorium have different facies: the East Rabat Gneiss 
is replaced, on the western side, by the West Rabat Gneiss and by the 
Qara Mughul Gneiss. The Halga Jar Amphibolite probably represents 
here a volcanic formation of early Carboniferous age outcropping in north- 
western Badakhshan according to the Russian geologists (AnKIPOv, LEONOV 
& Nixonov, 1970). 

The Kataghan Tectonic zone extends from Kakan towards Talugan. In 
this region the formations (Farkhar Slates and Cretaceous and Tertiary 
formations) generally have a prevailling north-south strike in the east and a 
strike varving from north-east to east-west in the west. In the same region 
a large igneous body is present between Farkhar, Ganda Qol and the Ki- 
shem valley; a belt of igneous rocks striking approximately NNE-SSW is 
present also between the Halqa Jar Amphibolite to the east and the Far- 
khar Slates to the west, extending from Kakan as far as the Kishem valley. 
It is a lense-shaped intrusion accompanied by blastomylonitic facies which 
represents an important element in the geological structure and history of 
this region This intrusive body consists of tonalite which was probably in- 
truded along a stratigraphical and tectonic discontinuity on the western side 
of the Faydzabad anticlinorium between the Halgqa Jar Amphibolite and 
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the plastic black slates which acted as an impenetrable barrier to the intru- 
sion. To the north-west of Faydzabad, where the Halga Jar Amphibolite is 
best developed, the orientation of the igneous rocks becomes NNW. 

It has already been mentioned that the mylonitic band of Petwan forms, 
towards the west, the boundary between Badakhshan and Kataghan which 
in turn tectonically belongs to the Upper Amu Darya Depression and there- 
fore to a different tectonic zone. 

It must be added here, however, that northern and southern Kataghan 
are different. The southern part represent the tectonic and orographic frame- 
work of the Upper Amu Darya Depression and towards the west could 
form a tectonic zone adjacent to those mentioned above. Regionally, the 
territory described above is located in a very complex tectonic area. It lies 
where the tectonic structures forming the Pamir converge in the south-west 
and is also very near the area where these structures come in contact with 
those forming, towards the south, the Hindu Kush mountain range. The 
relationships between Badakhshan and Pamir will now be discussed. 


7, TECTONIC RELATIONSHIPS BETWEEN BADAKHSHAN AND PAMIR. 


The tectonic relationships between Badakhshan and Pamir were out- 
lined several years ago (Desio, 1963). It is necessary to mention them here 
because they will be used to clarify many structural characteristics of 
the two regions. It is also useful to mention here the simple considerations 
used by Desio to determine these correlations. If we succed in finding in 
Badakhshan the continuation of the two extreme (northern and southern) pe- 
ripheral fractures of Pamir, within which that region is comprised, we can 
state which parts of Badakhshan are to be related to the tectonic zones of 
Pamir. The northern peripheral fault dividing the Pamir-Alay and the 
Northern Pamir tectonic zones also separates, to the south, the Upper Amu 
Darya Depression (Tuayev, 1961) from the mountainous area of Badakh- 
shan. The same fault marks the western contact between the Cenozoic and 
older formations. 

In Badakhshan, the line separating the Upper Amu Darya Depression 
from the Tertiary deposits and from the mountainous region composed 
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mostly of older rocks, crosses the Kokcha river west of Kakan. Therefore 
Badakhshan is located to the east of the extension of the Northern Periphe- 
ral Fault of Pamir. 

On the other hand, the fault to the south of the South-western Pamir 
tectonic zone meets the Amu Darya (Panj) near Ishkhashim, a few kilome- 
tres from Zebak, where it joins the Zebak-Munjan fault. The latter, with a 
slight western deviation, continues westwards trending parallel to the Hin- 
du Kush ridge for many kilometres. This tectonic line forms the south- 
eastern boundary of Badakhshan as well as of Pamir. It is obvious that 
Pamir and Badakhshan are located between the above mentioned peripheral 
faults. Between the two peripheral faults the Pamir has a rather uniform 
width of about 260 km whereas in Central Badakhshan the distance be- 
tween the same faults is reduced to only 115 km. This means that the tecto- 
nic zones of Pamir are narrowed westwards to less than one-half of their 
width. The Badakhshan region therefore lies within the same tectonic fea- 
tures as those delimiting Pamir. 

The tectonic subdivisions established within Pamir must be correlatable 
with those indicated within Badakhshan because one region represents the 
continuation of the other and viceversa. It is only necessary therefore to 
compare the principal faults of the two neighbouring regions in order to 
establish a tectonic correlation between Pamir and Badakhshan. The tec- 
tonic sketch reproduced in the Geological Map of Central Badakhshan (ac- 
companying this volume) shows the main correlations between the tectonic 
zones of the two region as indicated below, proceding from east to west in Ba- 
dakhshan, from south to north in Pamir (’): 


1. Hindu Kush tectonic zone; 
la. Zebak-Munjan fault (Herat fault) > South Pamir fault; 

2. Eastern Badakhshan tectonic zone — South-west Pamir tectonic zone; 
2a. Shiwa fault — Hunt-Alichur and Rushan-Pshart faults; 

3. Central Badakhshan tectonic zone — Central Pamir tectonic zone; 
3a. Jurm fault - Wanch-Akbaital fault; 

4, Western Badakhshan tectonic zone — North Pamir tectonic zone: 
4a. Petwan fault — North Pamir fault. 


The tectonic sketch, published about ten years ago, is not up-to-date, but it serve for the 
location of the tectonic zones. 
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5. Kataghan tectonic zone - Upper Amu Darya Depression tectonic zone. 


It is not necessary to give any more details in order to confirm the simi- 
larity between the tectonic zones of both regions. If the stratigraphic cor- 
relations mentioned above are taken into consideration it is possible to de- 
termine that the geological history of the tectonic zones is almost the same 
as those in Pamir. 


8. SEISMICITY AND TECTONICS IN BADAKHSHAN. 


Specialized research was not carried out by Desio’s expedition on this 
subject, however it cannot be ignored because the region studied in- 
cludes one of the world’s most interesting seismic areas. GUTENBERG & 
RIcHTER in their monograph on the seismicity of the Earth reter to this area 
as a remarkably persistent source ot earthquakes. 
The area, located in the southern part of the region studied, is close to the 
Hindu Kush (’) and is included in the rectangle formed by the 70° and 72° 
meridians east of Greenwich and the 36’ and 37° parallels north, as con- 
firmed by the extensive, recent research of HEuckrotH & Karim (1970). 

This region, together with north-west Burma, is the only one where in- 
termediate to deep earthquakes occur in continental areas: everywhere 
else they occur in fact near the oceanic trenches. 

The main seismological feature of southern Badakhshan is the exception- 
al frequency and restricted spatial distribution of powerful deep earthqua- 
kes the cause of which has not yet been satisfactory explained. On_ this 
subject research has been done by H. L. SHmoxova (1959), G. D. PANASENKO 
& Mesuxkova (1964), A. R. RirsemMa (1966), L. E. Heuckrotn & R. A. Ka- 
RIM (1970, 1973), A. A. Nowroozi (1971) and several other authors (’). 

The intention of this section is only to gather from the above-mentioned 
publications information which can be used to better understand the tecto- 
nic structure of the area studied. 


(1) All the authors who have studied the earthquakes of this region speak of Hindu Kush 
earthquakes, although they refer to a relatively small area on the northern foot of this chain. It 
would be more accurate to speak of southern Badakhshan which coincides reasonably well with the 
seismic area. 

(2) A detailed bibliography appears in the publications of the above-mentioned authors. 


332 TECTONICS 

Some authors examined the earthquake recordings from movements 

originating in southern Badakhshan and tried to establish the position of the 

epicentres and the earthquake magnitudes in order to interpret the mechanics. 
The most detailed study of Afghan earthquakes was completed in 1970 


by Hevcxrota & Karim who collected all the existing data, both histori- 
cal and instrumental, up to 1969. 
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Fig. 43 - Geographical distribution of the earthquake epicenters in Afghanistan from 1893 to 
1969, according to HEUCKROTH & Karim (1970). 


A series of sketch maps illustrates the epicentre distribution during the 
various periods of time considered. For the period 1893-1969, the highest 
epicentre density occurs inside an area included between 35.5" and 37° lat. N 
and between 70° and 72° long. E with an extension in a north-easterly direc- 
tion which penetrates South-west Pamir for several kilometres. Another area 
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of high density appears to the north, straddling the 39° N parallel and be- 
tween the 70° and 72° E meridians. This corresponds to the Wakhsh seismic 
area (Fig. 43). In this area, however, deep foci earthquakes are absent. 

It is of particular interest to note the various detailed maps relating to 
the period from 1960 to 1969 and the different depths of the foci. The 
highest epicentre density is related to foci depths greater than 200 km. 
This is situated in a well defined area between 36" and 37’ lat. N and between 
70° and 71.3° long. E. This is a little over 11.000 km? in extent. In this area 
shallow earthquakes with epicentres from 0-70 km are almost totally absent 
and those related to deeper earthquakes increase gradually in number with 
the depth. The sketch-map showing the distribution of the seismicity for 
the same period, reproduced in Fig. 43, shows two seismic areas of shallow 
depth foci separated by an area without epicenters corresponding to the moun- 
tainous chains of the Hindu Kush and Karakorum. Moreover, in the south- 
ern Badakhshan the extent of earthquake activity converges with increas- 
ing depth. 

Generally speaking, it can be noted that while the shallow earthqua- 
kes, originating in the Earth’s crust, are distributed throughout most of the 
region, except for the belt corresponding to the main mountain chains, the 
deeper earthquakes originating in the upper mantle are restricted to a 
« pocket zone » south of Faydzabad where shallow earthquakes are almost 
absent (Fig. 44). 

According to SHmoxova (1959) earthquakes having the highest concen- 
tration of foci in the southern Badakhshan are caused by horizontal compres- 
sive stress orientated at right angle to the axis of the mountain chain and 
by vertical tensile stress. PANASHENKO & MeEsukova (1964) have defined 
the direction of the compresive stress from south to north, suggesting the 
existence, in a not very remote geological period, of powerful pressures di- 
rected from the Hindu Kush towards the stable mass of Tien Shan. These 
pressures may also have been responsible for the folding in the interposed 
Pamir region. 

RirsEMa (1966) by comparing the average axial positions of a certain 
number of shallow and deep earthquakes, found that, while in the shal- 
lower group the main stress component is orientated almost perpendicu- 
larly to the structural trend of the Hindu Kush, an acute angle is formed 
between these two directions in the axis of the deep earthquake group. 
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Further, according to Rirsema, plane oriented approximately SW-NE with 
SE or NW dip and an inclination of 45° or more with corresponding strike- 
slip components, while for the deep earthquakes the general fault plane 
strikes ESE-WNW and the dip is either 25° N or 65° S; strike-slip compo- 
nents are in this case negligible. 


hy 





Fig. 44 - Distribution of the seismicity in north-east Afghanistan, according to 
HEUCKROTH & KARIM (1970). 


These data demonstrate, among other things, that both deep and shal- 
low earthquakes originate from independent mechanisms. In other words, 
the tectonic processes active in the Earth’s crust do not appear to be, in 
this case, directly connected with those of the upper mantle. 
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Fig. 45 - The main faults of north-east Afghanistan according to WELLMAN (1966), 
RITSEMA (1966), DESIO’s expedition (1961) and the the Atlas of Tadhztk S. S. R. (1968) 
for the area outside Afghanistan. 
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According to Nowrooz1 (1971) most of the earthquakes in the southern 
Badakhshan originate in a contorted slab-like feature located at a depth of 
50 to 150 km extending in a north-easterly direction and up to 280 km in an 
east-west direction. This contorted slab, which includes the great majority 
of foci, is probably sinking into the mantle as a result of its greater density. 


Thus a geotectonic interpretation of the peculiar seismic situation of 
the southern Badakhshan is introduced. 


Heuckroru & Karim (1970) tried to relate the results of the seismic 
investigation in Afghanistan to the structural pattern of the Indian Ocean 
(Le Picuon and al. 1968), and to WELLMaN’s model of active wrench faults 
of Iran, Afghanistan and western Pakistan. The Afghanistan appears to be 
situated in a peculiar position, that is within the apex of the north-western 
corner of the Indian-Australian crustal plate. HeruckrorH & Karim postu- 
late that the Chaman and Gardez faults, which strike north-northeast and 
are sinistral sense, form the north-western boundary of that crustal plate. Mo- 
reover WELLMaN’s fault pattern delineate a minor continental plate of Iran, 
Afghanistan and western Pakistan, limited in eastern Afghanistan by the 
transcurrent Herat dextral fault toward north, and the Chaman-Gardez 
transcurrent sinistral faults to the east. 


To the east of the Gardez fault the earth crust is driven to move toward 
NNE, that is in the same direction of the Owen fracture, and is thrust into 
the corner formed by Himalaya and Hindu Kush. 


The direction of the thrust was determined by Heuckrora & Karim 
utilizing different hypothesis, but all yelded directions NE to NNE. Similar 
directions for the intermediate-depth earthquakes of southem Badakhshan 
were obtained also by RirsEMa. 


An explanation to the seismic pattern of the north-east edge of the In- 
do-Australian plate between the Himalaya and Hindu Kush ranges is pro- 
posed by HeuckrotH & Karim. It will be useful to report it here. « The 
original underthrusting of crustal material along the Himalayan arc, has 
now replaced by overthrusting into the Asian continent and the triangular 
seismic zone is a manifestation of this effect. In the Hindu Kush center, 
the apparent remanent downthrusting could well be a result of interaction 
of two convection cells within the mantle; one cell promoting and being as- 
sociated with the movement of the NW corner of the Indian-Australian 
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plate and a similar but somewhat oppositely faced convection cell under the 
Asian continent. The interaction of these two cells could be producing the 
through-like pocket of seismic activity in the upper mantel below the Hindu 
Kush. Furthermore, as a result of these two convection cells the crustal 
blocks above are being pushed together with upthrusting about the Hindu 
Kush resulting. The north and south crustal flanks of the Hindu Kush, 
which correspond to the zones of shellows earthquakes (Fig. 44), are the- 
refore a crustal manifestation of the material movements in the upper 
mantel ». 

We substantially agree with the HeuckorH & Karim model, but we 
suggest a variation concerning the northern convection current below the 
southern edge of the Asiatic plate. According to our interpretation this 
plate was relatively rigid and stable and suffered passively the effect of the 
collision of the Indo-Australian plate which moved toward north-east. Along 
the contact of the plates, a subduction phenomenon of the type suggested 
by Dewey & Bip (1970, p. 2642, fig. 13) came true. 

The proposed solution seams more suitable to the structural pattern of 
the whole territory of Pamir, Hindu Kush, Karakorum and Kashmir Hi- 
malaya (Desio, 1970) (’). 

The inflection toward north of the tectonic axes of these mountain ran- 
ges shows a deformation produced by the northward component of the mo- 
tion of the Indian-Australian plate, while the dissimetrical shape of the 
main tectonic lines is the effect of the eastward component and intensive 
compressional strengh toward the west side compared to the east side. Also 
the excentric position of Nanga Parbat-Haramosh massif, as regard to the 
symmetry axis of the orotectonic arcs, seams to confirm this opinion. 

Before the collision, which tooks place in the Tertiary, the wedges of 
the plates, and particularly the northern one, were irregularly-shaped with 
projecting and receding parts. Some crust blocks divided by old deep frac- 
tures fringed the wedges of the plates. 

Obviously the displacement of the blocks was controlled not only by 
the motion of the plates, but also by the orientation of the fractures, that 
is by the shape of the blocks, and by the trend of the plate margins. 





(1) The geotcctonic scheme of the above mentioned area was published in 1974 during the 
correction of the proofs of the present volume, but it was presented in 1970. Some improvement 
are to be introduced in certain details, but the general scheme is still valid. 
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About the trend of the Asiatic wedge, we want to recall the presence 
of a great recess, a kind of « gulf », between the rigid Tarim platform with 
the Kun Lun range and the Tadhzikistan old basement to the east and west, 
and the Tien Shan Hercynian range to the north. The mosaic of blocks pu- 
shed toward north-east may be compared with a slab of ice, disrupted in 
many pieces, and drifted by a current into a gulf. As effect of the move- 
ments of the blocks, horizontal displacements (transcurrent faults), should 
occur on the sides, prevailingly in a south-north direction, while between 
them folds, reverse faults, and overthrusts should form mostly in east-west- 
erly direction, but irregularly curved toward north. This model seams to 
fit the tectonic picture of the Pamir, Hindu Kush, Karakorum, Kashmir Hi- 
malaya area (Desio, 1970). 


VII. NOTES ON THE PLEISTOCENE 
OF CENTRAL BADAKHSHAN 


1. PREVIOUS KNOWLEDGE. 


As already mentioned in the introductory chapter of the present vol- 
ume, the Quaternary glacial deposits of Badakhshan were not known before 
our expedition. In particular BaUcKL (1935) stated categorically that in the 
upper Kokcha basin and even in the Central Hindu Kusch no traces existed: 
« An keiner Stelle in mittleren Hindukush, nirgens zwischen Anjuman und 
Salang traf ich Spuren der Eiszeit. Rundhécker, Moranen, gekritztes Ge- 
schiebe oder eckinger Moranenschutt sind unbekannt in diesem Teil des Hin- 
dukusch ». However, he modified his statement by adding: « Moglicherwei- 
se wurden sie aber auch durch die erosion wieder vernichtet ». 

The first data concerning the presence of Quaternary glacial deposits 
in Badakhshan were published in 1962 by one of the present authors (A. 
Desio) in a note in which the glacial deposits present in the Baharak basin, 
the Warduj valley and in the neighbourhood of Zebak, as well as those in 
the valley and in the Lake Shiwa basin were briefly described. In the same 
publication, moreover, were described the altered drift of a glaciation older 
than that of Baharak and the elevations corresponding to the snowline we- 
re tentatively determined. 

The above note is one of the preliminary reports concerning the 
main results of DEsio’s 1961 expedition to Badakhshan. 

In the same year 1962, another short account on the same subjects dealt 
with in the previous note was published by H. Sawarta (see page 229). We 
will report in the following sections some data of this paper. 


The geological sketch-maps have particular interest for they show some glacial 
deposits which were mentioned in our preliminary notes but also others. We list 
these deposits below: 


a) Baharak moraine on the outlet of the Zardew valley; 
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b) moraine about 6 km upstream from the junction of the Zardew and War- 
duj rivers in the Warduj valley; 

c) another moraine in the middle Warduj valley about 15 km upstream from 
the village of Sufyan (near Bashum); 

d) lateral (?) moraine along the left bank of the Sanglich river, opposite the 
village of Zebak; 

f) recent and present moraine rampart of the Qaz Deh Gol glacier and other 
moraines downstream (Wakhan); 

g) moraine rampart in the upper Shakhawr valley (Wakhan); 

h) «landslide and/or moraine» to the east of the threshold of the Shiwa lake; 


i) moraines within the tributary valleys of the upper Nakhshir Par river, west 
of Lake Shiwa. 


In the same sketch-maps many « terrace deposits » and« alluvium & land with 
vegetation » are marked on the main valleys of nearly the whole area explored by 
SAWATA. 


In a preliminary publication E. Grorzpach & A. von HiLLeBRanpT (1964) 
described the glacial deposits of south-western Badakhshan during their 
exploration of the Middle Khwaja Muhammad range located in the cen- 
tral part of the area bounded by the valleys of Farkhar and Anjuman, and 
the Kokcha valley. In the note are indicated, among other things, the 
elevations of the present snowline (4900-5000 m) and that of the most 
recent glaciation (8600-3700 m). The snowline of the last glaciation, con- 
sidered to correspond to the Wiirm glaciation of the Alps, is 1800 m lower 
than the present snowline. 

A more recent study on the present and Pleistocene glaciations in the 
Hindu Kush by E. Grorzpacn & C. Ratuyens (1969) deals with the glacial 
effects and the glaciation in the Varsoj, Anjuman and Koran valleys, Cen- 
tral Hindu Kush, as well as those of Hajigak in the Koh-i-Baba range, and 
in the Salang region of the westem Hindu Kush. These authors present 
a map of the actual snowline in the mountainous area located between the 
eastern part of the Koh-i-Baba and the south-western limit of the Pamir. 
This map is partly derived from that of H. von Wissmann (1960) and shows 
the snowline to range from a maximum of 5200 m to a minimum of 4600 m. 
Following this there are four maps in which the glacial traces and deposits 
in the above mentioned valleys and the relative comments concerning the 
elevation of the snowline during the Pleistocene in the areas studied, were 
presented. This line, referred to the Wiirm glaciation, on the Koh-i-Baba is 
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indicated at 3900-4000 m (N), that is 900-100 m lower than the present day 
snowline on the Hindu Kush between 3500-4075 m, depending on the orient- 
ation, that is between 1025 and 1100 m lower than the present snowline. 

In this study other records concerning moraines located at higher ele- 
vations and attributed to stades to which new names have been given, are 
also mentioned. The three authors discuss in particular a preliminately 
note by Desio (1962) in which, the glacial origin of the deposits attributed 
by him and partially by Sawata to moraines in the Baharak basin is re- 
futed. This problem will be dealt with in one of the following paragraphs. 

Some data on the Pleistocene and Holocene of Wakhan and the sur- 
roundings of Zebak were published by P. Mmwaxp & H. Roemer in 1967. 
About Wakhan the authors announce the presence of traces of one Pleistoce- 
ne glaciation. Less evident are the signes of an older glaciation, while gla- 
cial deposits in the lateral valleys are interpreted as belonging to one ad- 
vancement phase of the glaciers in the late Glacial time. The altitude of 
the snowline during this phase was estimated 1400 m lower than the present 
snowline for the northern orientation, that is about 4800 m a.s.]. 

The authors attribute to older fluvial deposits those observed between 
Sarhad and Ishkashim, 200 m above the present river and the same inter- 
pretation was given to the deposits of the flate pass towards Zebak (’). 

Mirnwatp & RoeMeEr calculated also the hight of the present snowline 
in the northern slope of Hindu Kush facing the western Wakhan, that is 
4900-5000 m and 5100 between Khandut and Babatangi. 

In western Wakhan three levels of recent moraines below the present 
glacier ends and distant one from another 150-200 m of elevation were ob- 
served. 

A glaciological study published by O. GrtBert, D. Jameson, H. LisTER 
& A. PENDLINGTON (1969) deals with the regimen of two present-day gla- 
ciers tributaries of the Panjshir river which are located on the northern side 
of Mir Samir (5809 m) in the Central Hindu Kush. Among other things 
it contains the calculation of the mean altitude of the ice surface (4870 m) 
which would indicate the elevation of the snowline to be a little below 4900 
m. If a southern orientation is taken into consideration, the elevation of the 
snowline would be above the summit of the mountain. Stadial moraines 


(1) This is a typical moraine rampart. 
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were found at 4800, 4600 and 4000 m; the highest, dated using the lichen 
method, appears to be only 400 years old. 

Among the more recent studies concerning the Pleistocene of the area 
studied, there are numerous of Russian authors, not all of which will be 
listed here. The note by A. A. Nikonov & M. M. PaxHomov (1972) in which 
they describe in summary form the Pliocene and Pleistocene continental 
deposits around Ishkashim, Zebak and in greater detail those of Jurm, as well 
various Pamir localities, is of greatest importance. The spore and pollen 
research on a section measured in the Khash Dara gorge, 8 km NNE of 
Jurm, present quite new data for the palaeoclimatic interpretation of the 
area studied. On the basis of this study the two authors provide general 
conclusions which are listed below briefly. 


In the valley evolution three phases of incision and three of accumulation were 
established as follows: 
Incisional phases: Middle Pliocene, Middle Pleistocene, Late Pleistocene-Present. 


Accumulation phases: Late Pliocene, Early Pleistocene, later part of the Middle 
Pleistocene possibly extending up to start of the Late Pleistocene. 

: The incisional phases are connected with uplift of the area while accumulation 
took place during stable periods. 

In the southern Pamir and in Badakhshan there are traces of three Pleisto- 
cene glaciations, in the Early Pleistocene, another, the largest, referred to the end of 
the Middle Pleistocene and a minor glaciation in the Late Pleistocene. There is ano- 
ther one referred to the Late Pliocene, but it is only hypothetical. The presence of 
these glaciations are proved from morphological, stratigraphical and palynological 
characteristics. 

As the reports mentioned above — which probably are only some of the Russian 
writings dealing with the same subject — were known by us during the printing of 
the present volume, it was possible to insert in this volume only few hints. Moreover 
we did not devote to this subject extensive research like the Russians, but we want 
to remark that some of our conclusions are confirmed by them, as we will see later 
on. We regret only that the reports we have had occasions to examine are not sup- 
plied with a more detailed documentation. 
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2. REMNANTS OF PREGLACIAL LANDSCAPE ON THE MOUNTAINS NORTH OF 
THE WARDUJ VALLEY. 


Detailed research on the geomorphology was not undertaken in the region 
visited, but occasional observations were made which it is considered use- 
ful to summarize here, because they are connected with an argument to be 
dealt with below. It is useful, in fact, to know at least some of the fea- 
tures of the region prior to glaciations in order to appreciate fully the effect 
that the glaciers had on the morphology of the region studied. 

The following are, therefore, separate notes which refer to specific 
areas. For this reason, they are insufficient for reconstructions to be made 
and still less for conclusions to be drawn applicable at all of Central Ba- 
dakhshan. 

The caravan route from Baharak to Lake Shiwa climbs from F urmoragh, 
the steep and narrow valley of Syoh Jar and reaches a pass at an altitude 
of 2900 m from which it is possible to see towards the north a typical pla- 
teau landscape which differs remarkably from the morphology below. Wi- 
de valleys, mountains with rounded profiles from which emerge here and 
there broken ridgen corresponding to outcrops of more resistant calcareous 
rocks. In part this rolling countryside depends on the nature of the rocks 
outcropping in the region around the upper Shiwa alluvial valley (black slates) 
although this type of morphology is not entirely due to this lithology. Proof 
of this is found further to the east, where the granodiorite replaces the black 
slates, but the morphology remains more of less the same. Also it can be 
added that the rock is deeply weathered and often covered with eluvial de- 
posits; it can thus be implied that this is an old degradation surface which 
ranges, in this part of Badakhshan, between 3000 and 3700 m and rises grad- 
ually eastwerds to more than 4000 m. Altogerther this type of morpho- 
logy indicates late maturity or old age stage on which is superimposed a 
very different morphology with juvenile characteristics. The major valleys, 
like that of Zardew, are deeply carved into this old degradation surface while 
towards the east, in which direction the surface gradually rises, the sum- 
mits rise above 4000-4200 m and possibly represent the remains of an even 
older topographic surface in an advanced stage of degradation. The floors 
and thresholds of the cirques which often are aligned along the flanks of 
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the valleys, are part of the old degradation surface which has been more or 
less glacially modelled by the Pleistocene glaciers but also deeply eroded 
and dissected by the fluvial erosion, especially in the areas beyond the lim- 
its of the glaciation. 

At a similar conclusion arrived also Nuxonov & Pakomov (1972) which 
stated that the upper levels of the valleys in Badakhshan are to be dated to 
the Upper Pliocene of Lower Pleistocene. 

Together with the old topographic surfaces remaining on the plateaus 
in the investigated area, there are traces of another system ot topographic 
surfaces represented by two sections of hanging valleys which are briefly 
described below. One is the Khash valley located between Naw Jurm and 
Rabat, and joining the middle Kokcha valley, the other is the Kalafgan val- 
ley, between Kishem and Talugan; both of them were the sites of old lakes, 
as it will be seen later. 

First the Khash valley is examined briefly (see fig. 48). The valley is 
almost 25 km long, with a mean width of its floor about 2 km and has a 
sinuous course with a general north-south orientation, parallel to the general 
strike of the bedding. The valley floor appears as an old valley bottom 
filled by alluvial deposits overlied by a thich bed of eolic dust between 
2000 and 2200 m a.s.]. The valley is drained in two opposite directions, 
towards the south-east and towards the north by two small streams, 
tributaries of the Kokcha river, which flow into it through narrow deep gor- 
ges. The Khash river flows into the Kokcha river near Naw Jurm at 1480 
m: the Rabat river flows towards the south-east and joins it near Rabat at 
1300 m. The watershed between the two rivers is uncertain and occurs at 
about 2180 m. At the beginning of the Darrah-i-Khash gorge there is a large 
rocky step at 2200 m and remains of another one are still recognizable on 
the right hand side of the Rabat river at 2100 m; thus the old Khash valley, 
which slopes generally to the north, is now a hanging valley 500 m higher 
than the present Kokcha valley floor. 

On the walls of the Rabat valley, a sequence of alluvial deposit regu- 
larly stratified is exposed. This sequence is mostly composed of grey and 
brown sandstone alternating with microconglomerate prevailingly composed 
of fragments of gneiss, granite and marble. In the upper part of the sec- 
tion yellow lacustrine sandy clay prevails: superiorly it grade into an eo- 
lian deposit of more recent age (loess). 
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At this point one is faced with the problem of the origin of the Khash 
valley, that is to say to which valley system did it belong. Is it an old val- 
ley abandoned by the Kokcha river? 

This is one of the hypothesis which can be proposed. In this case the 
Kokcha river near Jurm must have turned towards the west forming a 
great bend in order to reach the Khash valley where, near Shahran, it must 
have formed another band in order to reach the present valley between Ra- 
bat and Bag-i-Mobatak. That the Kokcha river during the Pleistocene had 
a very sinuous course is proved by the fact that also around Faydzabad it 
forms a meander which cuts across hard rocks. Downstream from Fayd- 
zabad there are various remnants of orographic terraces on both sides of 
the valley which may belong to the same old valley. 

A fragment can be distinguishextends towards Bagh-i-Shah with the 
just downstream from Faydzabad, ed at the top of the rocky spur which, 
edge at 1450-1500 m: other smaller fragments are also present on the oppo- 
site side of the valley at slightly higher elevations (1500-1600 m) and stan- 
ding about 350 m above the present river. If account is taken of the fact 
that the valley is here covered by alluvial deposits and thus the rocky bed 
must be many metres below the alluvial bed, it is probably that the differen- 
ces in height are comparable to those found upstream (about 500 m). 

Now an other question is to be faced: belongs the old Khash valley to 
the system of old topographic surfaces of the plateaus mentioned above? 

If we take into account the difference of altitude of the two surfaces 
which is about a thousend of metres, the reply seams to be negative. Ne- 
vertheless this differences can be explained by tectonic deformations of the 
earth surface during the Pleistocene time. 


N.N. Nikonow recently published some short reports (1971, 1972), on the subject 
of the old valleys in our territory. According to this author the Khash valley is to be 
referred to an old lowered section of the Kokcha valley which, east of Faydzabad, 
described a large bend parallel to the present valley, but displaced to the south of 
it. More downstream the river flows within the Farkhar valley as far as Khanabad. 

It deals with ingenious reconstructions, but up to now we lack of a sufficient 
documentation for to be immediatly accepted. 


The Khash valley was for a certain time also the site of a lake. It was 
a great lake of sinuous feature, nearly 25 km long with an average width of 
2 km, which filled the whole Kash depression between the villages of Dar- 
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rah-i-Khash and Khash. The maximum elevation of the lacustrine deposits 
lie about 2200 m a.s.1., but towards the north-west they are 2000 m high. The 
sea level must have remained at an altitude of 2200 m for a long time, for 
the upper limit of lacustrine deposit is found at such a height around prac- 
tically the whole perimeter of the old lake. 

We may now question the origin of the lake. This strange hydrogra- 
phic situation suggests that the Khash valley was dammed at both ends. 

It is not possible to imagine that the two outlets of the valley were ob- 
structed by Pleistocene glaciers. We gained infact no proof that glaciers 
exist here as high as 2200 m a.s.]. The Khash lake could have been formed 
by two landslides which closed the two outlets of the valley and were later 
removed by erosion. There are traces of landslides on the slopes of the val- 
ley but not at the outlets. We may also suppose a recent tectonic defor- 
mation. 


About the age of the Khash valley, Nrkonov & PakHomMov (1972) supply us with 
some valid data deduced from the palinological analysis of the section examined in the 
gorge of Khash Dara. According to the above authors the greater part of the section 
was deposited during the Earlier Pleistocene and was contemporary to the first Quater- 
nary glaciation. This is the younger limit in the age of the valley: the excavation of 
it must be anterior, that is Pliocene. 


The Kalafghan valley, as the preceding one, is a longitudinal valley, 
that is parallel to the strike of the beds, and has a disproportionate width with 
respect to the present discharge of the two streams which flow through it 
today and which run one to the east, towards the Mashad river, the other to 
the south-west towards the Farkhar river. The Kalafghan valley is 20 km 
long from the Chenar-i-Gunjeshkan pass to the Gazestan gorge and is ali- 
gned east-northeast. Near Kalafghan a third basin, in which the Bluti 
stream, a tributary of the Kokcha river, flows, joins the valley. In spite of 
being divided in three parts, the Kalafghan valley is in fact one valley with 
uniform characters from end to end, with a wide valley floor sloping general- 
ly to the west-southwest but with an uncertain watershed between the Bluti 
and Darya-i-Shor rivers at about 1700 m. The watershed is, on the other 
hand, well defined between the Bluti river and the stream which flows 
towards Kishem passing through the Chenar-i-Gunjeshkan pass at 1667 m. 
In the neighbourhood of the Gazestan step there are various remants of 
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terraced surfaces between 1500 and 1700 m which cannot be interpreted 
clearly. Upstream from the Gazestan gorge there are also deposits of la- 
custrine clay which are exposed on the walls of the Darya-i-Sor, below the 
village of Gazestan, about 1300 m a.s.]. It is made up of a blue and yellow- 
grey clay, well stratified horizontally, no less than 20 m thick. The de- 
posit outcrops upstream for at least two kilometres and further up it disap- 
pears under recent deposits. Downstream it finishes close to the rocky spur 
of Gazestan, which protrudes towards the north-west from the flank of the 
valley. 

The origin of the old lake seems to be found in the obstruction of the 
valley caused by an old landslide which slid down from the opposite side 
of the valley. The landslide is partially covered at present by a large al- 
luvial fan deposited by the torrent which was formed in the path of the land- 
slide. 

The mountains which rise to the south of the Kalafghan valley are much 
higher than those to the north, rising repeatedly to more than 3000 m, while 
the others only reach 2100 m at one point. Furthermore, the ranges which 
rise to the north of the Kalafghan valley present steep faces to the south, 
while they slope gently towards the north, that is towards the course of the 
Kokcha river. Towards the north the mountain ranges are mainly com- 
posed of crystalline basement rocks (Farkhar Slate and Jalmish Tonalite), 
while those on the opposite side comprise the Neogene formations of the 
Kokcha area. 

The origin of the Kalafghan valley does not appear to be the same as 
that of Khash, which is not a section of a valley abandoned in relatively re- 
cent times by a major river as for the previous case, but rather a depression 
of tectonic origin produced by the uplift of the territory to the north-west 
comprising the Kokcha Formation. 

The region was probably drained from the south-east to the north-west, 
like the valley of Kishem and the region further to the east, as well as the Far- 
khar valley and the area to the west of it. It is probable that this drainage 
pattern represents the courses of the stream feeding the Neogene lake 
which extended into the area to the north-west as proved by the marly-ar- 
enaceous-conglomeratic deposits of the Kokcha Formation. The facies distri- 
bution provides an indication of the location of the lake (see the enclosed geo- 
logical map); the coarse marginal facies (Ganda Qol and Tah Jari members) 
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outcrop near the south-eastern limit of the formation, while the finer clastics 
(marls and sandstones), deposited in deeper waters, occur further to the north- 
west. Later, the uplift of the area occupied by the Neogene lake produced 
the lacustrine sediments on which was imposed a consequent drainage pat- 
tern more or less parallel to the original one. At the same time the uplift 
produced the Kalafghan valley depression and the development of local 
drainage towards the north-east and northwest. This was, probably, the pa- 
laeogeographic development of the Kalafghan region, but it is possible that 
the conditions were more complex. 


This interpretation does not agree with the NIKONOv’s one. In a small palaeohy- 
drographic sketch-map he includes also the Kalafghan valley in the old Khash valley 
system and the outlet near Taluqan. 

Up to now the interpretation of NIKONOv require better proofs. 


3. GLACIAL MORPHOLOGY AND GLACIAL DEPOSITS. 


3.1. Introduction. 


Traces were found which were almost certainly produced by Pleisto- 
cene glacial activity in various places in the area visited during the Desio 
expedition in 1961 (see two previous publications 1962 and 1964). A brief 
description can first be made of the most significant traces. The others 
can be discussed later. The deposit in the Baharak basin will be left till 
last, since their interpretation has raised doubts and contests. 

A start can be made by describing the deposits in the upper Shiwa val- 
ley (*) and the Lake Shiwa drainage basin (Fig. 31). 


(1) For « upper Shiwa valley » we intend the southern branch of the Shiwa drainage system 
which has its head at Syah Jar pass. 
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3.2. Moraines of the Upper Shiwa Valley and Shakh Darra Valley. 


The wide alluvial valley of the upper Shiwa river which is developed 
on the plateau north of the Baharak basin is dammed near its lower end, at 
the confluence of the Shiwa and the Shakh Darrah rivers, by a high moraine 
rampart elongated towards the north-west, the steepest side of which fa- 
ces towards the Shakh valley (Plate IX, fig. 1). The upper Shiwa river flows 
in a (superimposed) gorge between the moraine and the left side of the val- 
ley. The moraine which upstream has a height of about 2750 m, descends 
further north to a small hill, at an elevation of 2705 m on the topographic 
map. Between the moraine and the Shakh river bed there are three ter- 
races arranged « en echelon » with a difference in height of 50 m. The 
middle one is the most extensive and ranges in height from 2620 to 2700 m. 
Its surface slopes not only towards the river, but also downstream. 

On the right hand side of the Shakh valley the upper terrace corre- 
sponds in height to the top of the moraine and thus represents a terraced mo- 
raine. On this side of the valley there are also remains of the middle terrace 
and where these are missing, they are often replaced by orographic (roc- 
ky) terraces. 

The moraine is composed of a mixture rich in silt and clay with peb- 
bles and big blocks made up principally of white granite, with which main- 
ly quartzite and dark phyllite are associated. 

The middle terrace is composed of a mixture extraordinally rich in silt 
showing the characteristics of glacial drift. On the other hand, the morpho- 
logical features of the Shakh valley, in this area are precisely those of a gla- 
cier tongue basin, of which the moraine rampart represents a section of the 
border moraines. If it is assumed that the uppermost morainic terraces 
(the lower one is composed of fluvio-glacial deposits), extends downstream 
from the confluence of the Shakh and the Shiwa valleys, it must be conclud- 
ed that the end of the Shakh glacier stopped downstream from the confluen- 
ce. There was no opportunity to explore the lower part of the valley, but 
from a distance we were able to see on the right hand side of the Shiwa 
valley, at about 10 km from the confluence, an extended terraced area, 
which is clearly drawn also on the topographic map at a scale of 1:50.000. 
It presents the features of a glacier tongue basin, that of the Shakh glacier, 
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even if the position of the terminal moraine cannot be indicated precisely. 
In any case it cannot be very far from Qala-i-Mirza Shah Khan probably it 
is at an approsimate altitude of 2550 m a.s.]. 

Instead, we followed the Shakh valley up to the confluence with the 
Nakhshir Par valley and the latter as far as the Kurang pass (3307 m) which 
leads to the Lake Shiwa. All along this route, glacial drift is abundant on 
both sides of the valley, and generally terraced in one or more systems (Pla- 
te IX, fig. 2). Up to five different levels of terraces can be distinguished, but 
they are generally erosion terraces and only two can be considered fairly con- 
tinuous systems. These, also, gradually reduce upstream, so that in the part 
of the valley just below the Kotal-i-Kurang the glacial drift is very wide- 
spread at the bottom of the valley, although it remains partly hidden or 
mixed with debris which has fallen from the sides of the valley. 

The terraced drift of the highest system climb up on the right hand side 
of the middle Shakh valley, where it is well developed rising to about 
2850 m, that is 250 m above the present level of the river. In the middle 
valley, near Mantaqa-i-Syah Chagai, the lateral moraines of the lower system 
are at about 150 m above the present water-course and therefore about a 
hundred metres lower than the previous ones. It seems probable that this 
is a question of two different glacial expansions rather than withdrawal sta- 
ges of only one glaciation. In order to confirm this it would be necessary 
to examine the terminal moraine in the neighbourhood of Qal'a-i-Mirza 
Shah, which we were unable to do. 


In the geological sketch-map of the upper Shakh Darrah valley and the Lake 
Shiwa area enclosed in Sawata’s report, moraines are marked on the bottom of the 
tributary valleys of Nakhshir Par river as far as the confluence of the Shakh valley. 
We have seen no glacial deposits in the Nakhshir Par valley and its tributaries except 
those terraced above the bottom of the main valley. 


Apart from this problem, that someone else may solve in future, it must 
be pointed out that beyond the moraine rampart at the confluence of the 
Shakh river with the Shiwa river at about a kilometer from it, on the left 
hand side of this second valley the remains of an iron stained older deposit 
have been identified, which seams to be a moraine. This consists of a ridge, 
a little over a hundred metres high, buttressed against the mountain side, 
and of a smaller hills situated slightly further downstream. The supposed 
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moraine is composed of boulder clay similar to the more recent one with 
big erratic blocks, some of which are of considerable size. The glacial silt 
is very abundant and reddish or yellowish in colour. It is suggested that 
this deposit, for its external position with regard to the lateral moraine, 
which closes the upper Shiwa valley, and for its noticeable degree of wea- 
thering may represent the remain of a glacial expansion older than that of 
the major embankment. 

Traces of this expansion possibly should be found near the terminus of 
the old Shakh Darrah glacier, in the neighbourhood of Mirza Shah, an area 
which we did not visit. 

In conclusion, at the confluence of the Shiwa and Shakh valleys there 
are traces of two glacial expansions; the oldest was the largest. The gla- 
cier which occupied the Shakh valley ended in the neighbourhood of Qal’-i- 
Mirza Shah at about 2550 m a.s.l. The upper Shiwa valley apparently was 
never invaded by ice: only during its largest and oldest expansion the Shakh 
Darrah glacier occupied about a kilometre of its length. 

The reason why the upper Shiwa valley did not have any glacier of its 
own, during the Pleistocene, is explained by the lack, around it, of high 
mountains and catchment basins, although at the head of the Pila valley, one 
of its right hand tributaries, there are mountains more than 4000 m high. 
We were not even able to visit this valley and therefore we cannot say if a 
glacier was present there during the Pleistocene. It is sure that the upper 
Shiwa valley did not have any glacier upstream from the confluence with it. 

In this connection it must be mentioned that the wide floor of the up- 
per Shiwa valley is composed in the upper parts, of rather fine silty gravel 
(alluvial) deposit which cover a clayey gravel deposit. Near the contact be- 
ween the two deposits there is a spring line. 

It is difficult to say the origin of the lower deposit. It is probable that 
the upper Shiwa valley was for a long time occupied by a lake dammed by a 
moraine, hich was gradually filled. On the slopes of the alluvial-lacustrine 
valley floor there are two systems of terraces which are localized at 30 m 
and 50 m from the valley bottom. The surface of the terraces is gently 
inclinated to the north, but less than the bottom of the valley, and the up- 
per levels extends within the tributary valleys, particularly whithin the Pila 
valley, where is well developed on the left hand side. 

Near the valley mouth, the bed of the Shiwa river is deeply incised, so 
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that the terraces remain hanging at a higher altitude. It is believed that 
these terraces also confirm the presence of an old lake and that the highest 
one indicates approximately the maximum height of the water level. 

Before trying to determine the height of the snowline in the Shakh Dar- 
rah valley during the Glacial expansions it will be useful to examine the gla- 
cial phenomena present in the contiguous Shiwa lacustrine basin. 


3.3. Lake Shiwa Area. 


To the east of the Kurang pass (3307 m), which is located at the head of 
the Nakhshir Par valley, a wide valley starts to descend gently towards Lake 
Shiwa ('). The surface of Lake Shiwa is 3110 m above sea level. The lake 
(Plate X, fig. 1) has an irregular shape with a major arm towards the south, 
and a minor one to the north which are divided by a large peninsula culmi- 
nating at 3760 m above sea level and separating the southern part of the val- 
ley descending from the Kurang pass. The surface of the lake is about 13 
km’, the maximum depth is more than 80 m, the length of the major arm is 
9 km and its width 1 km. 

The lake has five principal tributaries all of them located on its western 
side. Starting from the north there is the Ab Kotal draining a large glacial 
valley 8 km long which is dominated by ridges reaching 4700 m a.s.]. Next, 
to the south is the Ab Zijad, parallel to the previous one. Jt is 12 km long 
with high ridges showing typical glacial cirques. Both these streams dis- 
charge, a short distance from each other, in the northern arm (minor) of 
the lake. The other tributaries are at the southernmost arm of the lake. 
One descends from the Kotal-i-Kurang and is the shortest; another, the Baqu 
Bay, is 6 km long and has ridges just above 4000 m; the last is the Sangaw 
just over 10 km long and has ridges up to 4741 m showing glacial cirques. 

A superficial outflow is missing. On the north-eastern slope below the 
end of the lake, at about 3000 m (about 100 m below the lewel of the lake), 
just above the village of Arakht, there is a group of rich springs. These 


(1) According to Sawata (1962) the local name of this lake is Lake Shighnon. We have not inve- 
stigated on this matter. The local people know also the name Lake Shiwa; we used this one for it 
is marked also on the maps. 
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springs represent undoubtedly the subterranean outflow of the lake which 
passes along the contact between the country rock and the glacial till. The 
springs feed a small lake, the effluent of which, descends by watefalls to the 
Arakht valley. 


According to certain texts of « Il] Milione » by Marco Polo, the Lake Shiwa region 
was the place in which the famous Venetian traveller in 1272 improved his health 
which had been seriously undermined by his long travels. 

The lake was visited in August 1937 by LEONARDO Bonz! and E. CaGnacci. An ac- 
count of theyr visit is to be found in « Afghanistan, crocevia dell’Asia » by E. GASPANI 
& E. Cacnacci (A. Vallardi, Milano 1951). The two explorers who possessed an infla- 
table rubber dinghy, tried to sound the depth lake, but they did not succeded as their 
sounding-rope was only 80 m long and could not reach the bottom. 

During our visit (15-8-1961) the water temperature, measured several times, was 
12° C; the air temperature in the same time was 16° C. 

In the mornings the waters of the lake, of a beautiful blue, are slightly rippled 
by the westerly breeze. The breeze increases after midday and between 17 and 18.00 
hours becomes gale force producing large waves in the lake. Near sunset the breeze 
stops and the water of the lake becomes quiet again. This phenomenon happens every 
day and was also mentioned by BONzI and CaGnacci who experienced some diffi- 
culties during their work on the lake. 

It is also worth mentioning that CacNacci suggested the glacial origin of the 
Lake Shiwa basin and noticed the presence of a moraine at the end of the lake. 

As mentioned in the introduction, also H. Sawata described the glacial pheno- 
mena of the Lake Shiwa area in a brief report of 1962, which became known to us 
later. This author also mentions the presence of the same moraine and a glacial 
landscape. On one of his geological sketch-maps (fig. 25) he put a question mark to 
indicate the possible presence of glaciers at the head of the large valleys to the north- 
west and south-east of Lake Shiwa; during our visit, however, these large valleys con- 
tained only some snow patches and the only visible glacier to the south and south-east 
was the Astan glacier (see page 389). A geological sketch-map of the Lake Shiwa 
area was published in one of our preliminary report (DESIO, PASQUARE & SPADEA, 
1964). 


The lacustrine basin is made up of predominantly gneissic rocks. The 
flanks are generally steep and plunge without change in inclination into the 
waters of the lake. The bottom configuration of the lake is not known but, 
taking into consideration the width of the valley and the lenght of the thresh- 
old, it can be assumed that it is also quite broad. The threshold, located 
on the eastern side of the lake, is in large part rocky and has « roches mou- 
toneés ». Only on the southeastern side is there a large moraine up to 3207 
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m. Between the moraine and a rocky spur of the threshold 3232 m high, 
there is a large saddle which is about 40 m above the lake surface. The 
glacial till forming the southern part of the threshold (see Plate VII, fig. 2) 
is widely spread on the eastern side, and reaches the valley floor near 
Arakht at about 2700 m as.l. The till consists of fragments and blocks of 
local rocks embedded in glacial silt. The Arakht valley has a relatively wide 
floor and steep sides with the typical U-shape of a glacial valley (Plate X, 
fig. 2). 

Besides the glacial till which is part of the lake threshold and which 
could cover an old rocky fluvial bed, there are farther to the west other 
two moraines, of which one, like that of the threshold, has the character- 
istics of a terminal moraine. It is a morainic arc, convex towards the val- 
ley, and dams it at about 8400 m. The central part of the morainic arc was 
eroded by the Darrah Ab-Kotal stream leaving traces of it on the left hand 
side of the stream. Another moraine dams the valley descending from the 
Kotal-i-Kurang towards Lake Shiwa at about 3300 m (see Fig. 31). How- 
ever it does not appear that it is the terminal moraine of a glacier in the Ku- 
rang valley, but rather a lateral moraine belonging to the Ab Zijad glacier, 
the front of which probably reached lower down the valley. 

The data reviewed are those collected during our short expedition to 
Lake Shiwa. 

A reconstruction of the situation in the area during the Glacial time can 
now be made. 

As mentioned above, the Lake Shiwa basin has the morphological fea- 
tures of a glacial basin, thus, at a certain time, it must have been filled with 
ice which reached up to the threshold and was discharging part of the mo- 
rainic debris on to the lower slopes towards Arakht. At that stage presu- 
mably all the tributary valleys were occupied by glaciers converging 
towards the lacustrine basin. At a previous stage, during major expan- 
sions, the glacier probably reached still lower ground in the Arakht valley, 
however it is probable that it never reached the Panj valley (Amu Darya). 
The upper part of the U-shaped valley (visible from Arakht) shows a power- 
ful modelling of the valley by the glaciers (Plate X, fig. 2), which should, 
therefore, have had a considerable thickness. 

Another halt during the retreat of the local glaciers must have occurred 
after the above mentioned Shiwa phase. This is indicated by the moraine 
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of Darrah-i-Ab Kotal. Also the Kurang valley moraine could belong to this 
halt stage if it is considered that its front would be a little lower, that is 
within the Lake Shiwa basin, of which we do not know the bottom configura- 
tion. The different position of the Ab Zijad glacial front from that of the 
Ab Kotal could be explained by the fact that the latter had a large catch- 
ment basin. 

The distance between the Ab Kotal moraine and the Lake Shiwa thresh- 
old is about 6 km and the difference in height about 200 m. Probably 
other moraines are present in the valleys nearby but there was no opportun- 
ity to visit them. The territory surrounding Lake Shiwa is affected by 
characteristic glacial forms. Below the Astan ridge, which will be mentioned 
in connection with a small present day glacier (page 389), some gla- 
cial cirques are to see on the northern and north-eastern slopes, and many 
more, to the south-west under the Koh-i-Shiwa ('). These glacial cirques 
have peaks higher than 4500 m with bases at 4000 - 4200 m and a southerly 
orientation; they are well represented on the 1:50.000 scale map. Cirques 
and glacial valleys are present also to the north-west of Lake Shiwa under 
the ridges at the heads of the Ab Zijad and Ab Kotal valleys. Parallel to the 
latter and showing cirques on both slopes are the valleys of Kedar Jak and 
its major left bank tributary. 

In the cirques with a southerly orientation the lower parts are at about 
4200-4300 m. Cirques are also found under the ridge which starts above 
the Kotal-i-Kurang and continues westward. The cirques occur only on 
the ridge which culminates at 4313 m and have their lower parts at 3600- 
3700 m. Other glacial cirques are present below the ridge located at the 
head of the major left bank tributary of the Nakhshir Par valley; also here 
the thresholds lay at the same height as those with a northerly orientation. 

These cirques also must have possessed glaciers after the principal halt 
of the Shiwa phase. 


(1) Another peak with this name (4507 m) is also present at the head of the Ab Zijad valley. 
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3.4. Mountains between the Lake Shiwa and the Zardew Valley. 


Our observations were occasional and sparse and were mainly car- 
ried out from a distance. These observations have been integrated with 
the data taken from the 1:50.000 scale maps and they provide a prelimina- 
ry outline of the areal distribution of the old glaciers in this area, which lies 
just west of the upper reaches of the Panj river. 

The ridge separating the Shulwadar and the Panj valleys shows a typical 
glacial morphology which is visible also on the topographic maps (see Fig. 
46). Glacial cirques and U-shaped valleys are recognizable on both sides 
of the Chuk Shak ridge and presumably several contain small glaciers. 

In this respect it must be remembered that this ridge, starting from the 
northern end of the Koh-i-Lalmi Bazgi, reaches 5141 m and then climbs to 
5467 m. It never descends below 5000 m but further to the north, where it 
joins the Koh-i-Yaghardah which culminates at 5338 m, this ridge termin- 
ates on the Kotal-i-Yaghardah (3555 m) further north. This ridge is about 30 
km long and is aligned generally north-south. 

Glacial cirques and U-shaped valleys mostly face east and west, but 
there are some also facing north. Those facing west, judging from the 
heights shown on the maps, have the threshold between 4000 and 4400 m; 
those facing east more often 4400 m but also higher; those facing north 
mostly at 4000 m but also as low as 8600 m. No cirques face south. 

The morphology of some groups of U-shaped valleys show the sites of 
old valley glaciers, for example the one which is drained by the south- 
western tributary of the Khush Darrah. 

Glacial cirques are rarer further to the north beyond the Yagharda val- 
ley above Dasht. These cirques are mostly on the eastern slope of the Ya- 
gharda ridge culminating at 4746 m and mostly face northwards. 

The glacial morphology is less evident in the Dahan Zar and Dargaw 
Gharib valleys but also in this area there are glacial cirques and U-shaped 
valleys near the heads of the valleys. Therefore, the ridge both to the north 
and to the south of the Kotal-i-Yarband has cirques especially on the north 
facing slopes. The highest peaks reach and occasionally exceed 5000 m. 

Finally, the glacial morphology is also present on the ridge separating 
the Khush valley from the Kurkhu and Aqshira valleys, the latter ones con- 
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Fig. 46 - Glacial cirques on the mountain ridges between the Shulwadar and the Amu 
Darya rivers. 
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taining present day glaciers (page 387). This ridge culminating at 5093 m 
has glacial cirques and U-shaped valleys mainly on the eastern slope. They 
face generally north-east; the height of the thresholds of the cirques being 
between 3800 and 4000 m. It is possible that some of these cirques and 
valley contain actual small glaciers as is the case in the Aqshira and Kurkhu 
valleys. 

Vast glacial deposits are also present in the upper Aqshira valley at 3100- 
3200 m in the small valley below the present day glacier which ends at 4040 
m, that is about 900 m higher. 


3.5. Zardew Valley. 


The lower part of the Zardew valley is U-shaped and its con- 
fluence with the Baharak basin is dammed by an arcuate mound concave 
upstream and orientated north-south. This dam extends up the valley sides 
and its highest point is 1670 m. The Zardew river cuts through it in a nar- 
row gorge (Plate XI, fig. 1). ; 

Upstream from the Baharak dam there is an alluvial plain flanked by 
steep slopes consisting of talus. On the alluvial plain side the dam is very 
steep. There is a difference of 60 m between its top and the surface of the 
alluvial plain. Towards Baharak, on the contrary, the dam slopes gently 
to the west through a series of mounds more or less aligned in three rows. 

The difference in height between the top of the dam and the river bed 
near Baharak is 150 m. That means that the floor of the alluvial plain up- 
stream from the dam is about 90 m higher than the valley floor near Baharak. 
This is the result of the alluvial-lacustrine deposits which have filled the val- 
ley upstream from the dam. 

From the point of view of the morphology the shape of the lower part 
of the Zardew valley appears to be a tongue-shaped basin abandoned by 
a glacier responsible for the Baharak dam. 

This purely morphological interpretation is confirmed by the composi- 
tion and chaotic arrangement of the materials which form the dam itself 
and its western continuation. 


ZARDEW VALLEY 359 


The dam is in fact composed of gravels and clays with pebbles, cob- 
bles and blocks of white granodiorite and leucogranite; the latter generally 
form large mounds (Plate XI, fig. 2). 

Another explanation for the presence of the Baharak dam could be that 
it was formed by landslide material similar to that of Ardar, located just 
upstream from the confluence of the Warduj valley. However, it has to 
be noted that the material of the dam is different from the rocks exposed on 
the neighbouring slopes. Furthermore, the shape of the mound and. its 
disposition are not characteristic of a landslide. 

Downstream from the dam there is another small mound and still fur- 
ther downstream, in the Baharak basin, there are several mounds elongated 
in the same direction as the Zardew valley. Pebbles of white granodiorite 
embedded in clay form these mounds. Those overlooking the river have 
steeper slopes facing it. 


The Baharak dam is occasionally shown as « moraine », occasionally as « pos- 
sible moraine » on the geological sketch-maps by Sawata (1962). 


Upstream from the Baharak moraine the Zardew valley is still U-sha- 
ped and presents some truncated spurs; the valley floor is relatively wide 
and the slopes are steep. 

A large terrace consisting of gravels embedded in clay occupies the area 
between Malang Ab and Yarim on the right hand side of the river. It is 
probable that the large amount of silt in this deposit, as in others further 
upstream, was partly derived from glacial silt-rich waters flowing into a lake 
occupying the lower part of the valley upstream from the Baharak moraine. 
Above Yarim the mountain slopes on both sides of the river are covered by 
two terraced gravel deposits. One about 30-40 m above the river-bed in 
the lower part of the valley, but higher up the valley sides further upstream; 
all the villages are built on this terrace. The other terrace is present only 
as isolated remnants 150-200 m above the valley floor. These appear to be 
lateral moraines representing two glacial expansions: the lower terraces are 
better preserved and occasionally are parallel to the axis of the valley while 
the upper ones are deeply eroded and are to be referred to the « skeletal 
moraine » (see page 364). The deposit which occupies the highest part of 
the long outlier running along the right hand side of the lower course of the 
Kurkhu river also belongs to the highest terrace level. This deposit reaches 
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an altitude of 2102 m, that is 400 m above the valley floor and is also to 
be referred to the some moraine. 

Throughout the Zardew valley there are large erratics, occasionally of 
gigantic size, consisting mainly of granite and granodiorite, but also of 
gneiss. The glacial erosion is well seen especially on the high slopes of the 
northern side of the valley which are mostly composed of granodiorite and 
gneiss. 

Large fans, partly cemented, are joined to the terraces up to 150-200 m 
above the valley floor. Our investigations ended at the Dasht village where 
the Zardew river begins at the confluence of three large tributaries: the 
Gharsupan from the north, the Yaghardah from the south-east and the Khush 
from the south. 

The three rivers have catchment basins in the high glacial cirques and 
U-shaped valleys below ridges which generally exceed 4000 m and occasion- 
ally reach 5000 m. These ridges form the watershed between the Zar- 
dew basin and the Panj valley. Some of these cirques and U-shaped val- 
leys still contain glaciers which up to the present have not been investigated. 

The part of the Zardew valley visited does not show any terminal mo- 
raines but it is possible that they exist further upstream. In addition, in the 
upper Kurkhu valley, below the present day glacier, the front of which is at 
3900 m, the lowest moraines descent to 3200 m, that is 700 m below the pre- 
sent glacier front. Furthermore at 3600 m there are arcuate terminal mo- 
raines up to 50-70 m high which are composed of piles of blocks damming 
the valley. 

These moraines are distributed «en échelon » up to the present day 
glacier end and represent short pauses during the retreat of the glacier. 
The lowest ones are partly correlatable with postglacial stages, the others 
were formed during historical times. 

Another proof of the presence of a Pleistocene glaciers in the lower Zar- 
dew valley is provided by the large size and by the high average elevation 
of the catchment basin. The valley glacier must have been fed by four dif- 
ferent ice flows. Three of them converged near the village of Dasht at 2224 
m above sea level. The forth, in the Kurkhu valley, must have reached the 
main valley floor less than 7 km from the Baharak moraine, and at a height 
(true height that is without considering postglacial erosion) not very diffe- 
rent from the elevation of the moraine itself. 
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3.6. Warduj Valley. 


Just above Ardar, at about 5 km from the confluence of the Warduj 
valley in the Baharak basin, this valley is dammed by a heap of granitoid 
gneiss blocks mingled with abundant clay and resting on a terrace also rich 
in clay. This feature vaguely resembles that damming the Zardew valley 
near Baharak (Plate XII, fig. 1). However, here the lithology of the blocks 
is the same as the rocks exposed on both sides of the valley and a scar face 
is present on the right side above this heap. This rounded scar is the niche 
left on the place where the landslide fell down and therefore this feature is 
to the interpreted as a landslide dam. Apparently the landslide material 
covers a terrace the origin of which is not clear. Probably, the landslide, 
damming the Warduy valley, gave rise to a temporary lake which left few 
traces of its existence. The presence of a certain amount of silt in the land- 
slide material could be justified by the existence of a lake and probably by 
its silt rich waters. 

On the left hand side of the valley, just upstream from the landslide, 
there are terraces, more than 100 m above the landslide level, which ap- 
pears to belong to the upper terrace system in the Baharak basin and which 
are also rich in silt. Dashtek village is sited on this terrace (’). 

Further upstream the villages Tarang and Shagan are sited on other ter- 
races on the left hand side of the valley. Another terrace about 200 m above 
the valley floor is located on the left hand spur of the confluence with 
the Aqshira valley (Fig. 47). 

This same terrace continues for a short distance into the Agqshira val- 
ley also extending on its right hand side, and the village of Awji is located 
on it. The silt and gravel deposits forming it show distinct bedding and the- 
refore it is assumed that it represents an old fan of the Aqshira river. Ano- 
ther more recent fan was formed by a river flowing in an epigenetic channel 
developed in the area to the right of the Aqshira confluence between the 
terrace and the rocky slope of the valley. The opposite terrace continues 
upstream, on the right hand side of the Warduj river. Below the village of 


(1) The position of the village on the geological map is too high. Te Ardar dam is also shown 
on the sketch-maps by Sawata (1962) and is indicated with the same symbol as the « Baharak mo- 
raine » (moraine or possible moraine). A moraine is also indicated just above Sufyan. 
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Aqshira, there is a row of mounds which rise above the general level of 
the terraces near their edges, at a height of 1800 m above sea level and 
about 80 m above the Warduj river. 
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Fig. 47 - Sketch-map of Quaternary 
deposits of the Warduj valley near 
Aqshira. 
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These mounds project towards the Warduj river and continue on its 
opposite bank on another terrace remnant forming a dam-like feature oblique 
to the axis of the valley and cut through only by the Warduj river. This 
feature consists of unconsolidated material containing large blocks of mig: 
matite easily seen in the river banks and it appears to be a glacial deposit. 
Assuming that it is a moraine, it is probable that it was deposited by a gla- 
cier occupying the Aqshira valley in which a glacier is present in the upper 
part of its northern branch (North Aqshira glacier). 

Other similar deposits, more or less terraced, are present at higher al- 
titudes on both sides of the valley: above Chakaran up to 2500 m (a little 
less than 800 m above the valley floor); above Awji up to 2800 m (1100 m 


WARDUJ VALLEY 363 


above the valley floor); and near Bara Bara, Khuch and Rekshan up to 2100 
m (400 m above the valley floor). These deposits very probably are to be 
referred to moraines which belong to the largest glaciation of our territory, 
as we will see later. 

Further upstream in the Warduj valley there is another silty gravel de- 
posit with large migmatite blocks below Bashum village. This deposit 
forms a group of mounds damming its confluence with a lateral valley thus 
forcing the Bashum river to flow in a small epigenetic gorge opened between 
the deposit and the left hand side of the valley where a small fan has 
formed. 

Both the Aqshira and Bashum deposits are similar and show the appear- 
ance of moraines. Assuming that they are glacial deposits, their origin 
may be due to the action of local glaciers descending from the Aqshira and 
Bashum valleys in the Pleistocene, or to a glacier occupying the Warduj val- 
ley. If the source of the rocks composing both deposits were known it 
would be easy to decide the issue. There is little doubt that they are Plei- 
stocene moraines because, considering the Aqshira mound, there is a glacier 
at present in the head of the same valley (page 387). Therefore the most 
probable hypothesis is that the presumed glacial deposits were laid down 
by glaciers descending from two lateral valleys of the Warduj. 

Insufficient data are available to clarify this problem. 

The feature is still more complicated near Tergeran (Fig. 35) where de- 
posits, similar to glacial drift, are widespread, which downstream cover an 
orographic terrace 150 m above the Warduj river and the remnants of 
which are also visible further upstream; such deposits are common around 
Tergeran. It was not possible to establish the height that they reach in 
the two small valleys cutting the right hand side of the Warduj valley up- 
stream from Tergeran village. 

Above Tergeran, the Warduj valley is much narrower and the supposed 
glacial deposits are scarcer at least near the valley floor. Small remnants 
are present near Alezhgerew, near Sarask and above Abdaw. Further up- 
stream they disappear while at the upper end of the Warduj rocky gorge 
(Rabat-i-Cheheltan) the valley floor widens rapidly and is filled by talus fans 
which occupy the lower end of the lateral valleys. The Piaw fan is par- 
ticularly large and blocks the entire valley forcing the river to the opposite 
side. 
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Further upstream there are other unconsolidated deposits which belong 
to a different glacial basin (but not hydrographic) that is the Zebak basin 
which will be discussed below. 


3.7, The Zebak area. 


Although the Zebak valley, which originates at the confluence of the 
Sanglich and the Deh Gul rivers, is part of the Warduj drainage basin, it must 
be considered separately. This is because the glacier which occupied it dur- 
ing the Pleistocene did not belong to the Warduj basin, but it flowed main- 
ly southwards towards the Panj river (see Fig. 36). 

The Zebak valley has a typical U-shaped cross section with a flat and wide 
floor located between 2540 and 2700 a.s.l., very steep slope and truncated 
spurs. The through shoulders are very high (3000-3100 m) and they repre- 
sent the maximum altitude attained by the glacier during the major glacia- 
tion. This assumption in confirmed by the presence of an ash-grey deposit 
overlying them there and there. Such deposits closely resemble, also in the 
type of erosion, the glacial drift which in the Karakorum valleys indicate 
the deposits of the oldest glaciation (« skeletal moraines »). 


Also NIKONov & PakHoMov (1972) referred those deposits (called « ash-grey mo- 
raines ») to the glacial drif of the penultimate glaciation, namely of the Middle 
Pleistocene, and we agree with them. 


On the western flank of the Zebak valley, at a lower elevation (2800- 
2900 m), there are other terraces covered by more recent glacial deposits 
which could represent the altitude reached by the Zebak glacier during a 
less old Pleistocene glaciation. 

However, near Gul Khana, on the valley floor, at about 2530 m a.s.l, 
there is a low moraine formed by a series of irregular mounds transverse to 
the axis of the valley (Plate XII fig. 2). Around this moraine rampart, espe- 
cially towards the valley, there is an area with sand dunes. Upstream from 
it, the large alluvial plain marking the confluence between the Zebak and 
the Warduj valleys continues. Still further upstream, at about 8 km from 
the Gul Khana moraine there is a similar moraine which is much better de- 
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veloped near Ru Kol at 2600 m a.s.]. Between them there is a swampy 
plain where the course of the Warduj river becomes braided. Near the head- 
water the Warduj valley, which is called here the Darya-i-Waling, is still 
wide for about 7 km, then there follows a swampy area in which the water- 
shed between the Warduj and the Ishkashim basins passes. The Ishkashim 
river is a tributary of the Panj river at an altitude of about 2820 m a.s.l. 
Both the Gul Khana and Ru Kol moraines should have been deposited by 
the Zebak glacier, the former as a left hand side lateral moraine damming the 
Warduj valley, the latter as a terminal moraine of the Zebak glacier. This 
latter glacier was fed by a high catchment basin located in the upper San- 
glich valley on the northern Hindu Kush slope. This slope attains 6843 m 
a.s.l., in the Koh-i-Bandaka and further south-west, on the Banda Koh, rea- 
ches 6700 m. 

Although the Waling valley was not visited, it must be remarked that 
this valley, which near Surk Darrah turns northwards, must have contained, 
during the Pleistocene, a big glacier which was fed by a large catchment 
basin. This basin is formed by three valleys dominated in their upper rea- 
ches by ridges higher than 5000 m (5467 m on the Koh-i-Chuk Shakh). 

It is also possible that the Ru Kol moraine was deposited by this gla- 
cier and not by the Zebak glacier. Since the area above Ru Kol was not 
examined and since the lithology of this deposit is not well known, it is im- 
possible to solve the problem. However, the observations in the field sug- 
gest that the Ru Kol moraine represents the terminal moraine of the Zebak 
glacier and not that of the Waling glacier. 


It is opportune to recall at this point the data regarding the glacial deposits 
around Zebak and Ishkashim reported on Sawata’s sketch-maps (1962). In figures 
20 and 27 a long moraine rampart located on the western slopes of the Zebak valley 
and continuing towards its northern end, is indicated; the Gul Khana moraine (’) is 
not shown and that of Ru Kol is indicated as « possible moraine ». 

According to the sketch-maps figs. 22 and 42 the glacial deposits near Ishka- 
shim and in particular those between this and Bazgir village are widerspread on both 
sides of the valley, but mostly on the south-eastern side where they reach higher 
altitudes. 

This region is unknown to us and therefore, lacking other data, it is not pos- 


(1) The name Ghul Khana refers to a locality which on the 1:50.000 scale maps corresponds 
approximately to the Ru Kol moraine. 


366 PLEISTOCENE OF CENTRAL BADAKHSHAN 


sible to establish from where the glacier which deposited such moraines came. On 
both sides of the principal valley there are tributary valleys which have, at their 
headwaters, very high ridges which must have fed the glaciers during the Pleistoce- 
ne. Other glacial deposits, which occasionally reach the mouth of the principal val- 
ley, are present in various valleys of the Wakhan, which discend towards the Panj 
river from the Hindu Kush. SawaTa shows these on the sketch map fig. 22 which 
includes these areas up to the mouth of the Shakhawr valley. 


The restricted amount of geological and altimetric data regarding the 
glacial deposits near Zebak, and between Zebak and Ishkashim does not 
enable a reconstruction to be made of the glacial history of the area since 
Pleistocene times, but on the other hand it enables one to determine that 
the old glaciers were very well developed near Zebak. It can also be as- 
sumed that during the phases of maximum expansion the iceflows which 
originated in the Zebak valley and in the tributary valleys on the Warduj 
side, upstream from the confluence of the two rivers, flowed together form- 
ing one glacier which descended and possibly dammed the Panj valley 
near Ishkashim. 

Assuming that this hypothesis, suggested by the distribution of glacial de- 
posits between Zebak and Ishkashim, is valid, it must also be assumed that 
the Zebak glacier had another tongue to the west, in the middle Warduj 
valley. It is not known where the tongue ended, but it is safe to assume 
that it ended to the west of the Gul Khana moraine representing a deposit 
which originated from a minor phase of glacial expansion, that is when the 
Zebak glacier ended near Ru Kol where it deposited a terminal moraine. 

In order to arrive at a better understanding of the palaeogeography of 
this region it could be useful to reconstruct part of the palaeohydrology as 
suggested by the morphology of the area. The present watershed between 
the Warduj and Ishkashim drainage basins, the latter a tributary of the Panj 
(Amu Darya), runs near Sardab at 2897 m a.s.]. This watershed is poorly 
defined and passes through Quaternary glacial and fluvio-glacial deposits 
occupying a valley floor which is continuous between the two contiguous 
basins. The local drainage pattern shows a series of anomalies indicating 
recent variations in the river courses and the position of the watersheds. 

As an example, the Zebak valley is orientated south-north but its prin- 
cipal tributary, the Sanglich valley, which joins the other (Deh Gul) just 
upstream from Zebak village, is orientated towards the north-east. The 
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continuation of the first valley is not the Warduj valley — which from 
Gul Khana descends towards the west and which the Zebak river reaches 
through a bend of 90° — but the Waling and Ishkashim valleys which join 
the Panj river. The hypothesis that these valleys were originally parts of 
the Sanglich valley, appears credible if account is taken of the fact that just 
above Gul Khana the Warduj river passes through a gorge having the morpho- 
logical characteristics of a recent cut. Also the left hand tributary of the 
Warduyj river, at its confluence just downstream from Zar Khan, shows a 
bend in its middle course; further upstream it is orientated north-northwest- 
wards, downstream westwards. The elevation of the bend is not known. 
At this elevation there should be traces of the old topographic surface on 
which such a tributary was flowing northwards. Probably it is the pre-gla- 
cial topographic surface, traces of which were observed between 3200 and 
3600 m a.s.l. 

It can therefore be assumed that the watershed between the Warduj 
and Ishkashim basins was situated further to the west than at present, that 
is between Gul Khana and Safed Darrah. If account is taken of the direc- 
tion of the tributaries of the Warduj between the two localities mentioned, 
it can be seen that they have a westerly component up to 5 km east of Gul 
Khana and an easterly component (Fig. 36) further to the east, and therefore 
it can be assumed that the watershed just passed where the change in direc- 
tion occurs. 

The change happened during the Glacial time when the presence of gla- 
ciers modified, through their erosive activity, the drainage pattern. The 
differences in altitude of the local base of erosion justify a more rapid re- 
treat of the headwater of the Warduj valley with respect to that of Ishka- 
shim. In the case of the former valley this level is and was represented by 
the elevation of the confluence of the Warduj river and the Kokcha river 
which now is 1354 m above sea level; in the case of the latter it is repre- 
sented by the confluence of the Ishkashim river (this name refers to the 
stream descending towards the village from the west) and the Panj river at 
about 2500 m a.s.l. (’). 

Although the lenght of the latter was perhaps originally shorter than the 


(1) The elevation was taken from the map of the Survey of Pakistan at 1:253.440 scale, 
« Zebak » sheet. 
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former, the difference in elevation between the confluence of the Warduj 
and the Kokcha and the confluence of the Ishkashim and the Panj was 
about 1150 m; that is, the base level of erosion of the Warduj was 1150 m 
lower than the base level of the Ishkashim. Also, the former, due to the 
structure and size of its drainage basin, contained more water than the 
latter. 

On the light of these conclusions we may deduce also the movement of 
the Zebak glacier during its major expansion. Taking into account the al- 
titude of the highest « ash-grey moraines » we can evaluate the thickness of 
the glacier in the Zebak valley which should have been 400-450 m; in this 
case one of its ice-flows should have surmounted the old watershed between 
the Warduj and upper Panj which at that time extended to the west of Gul 
Khana and invaded the upper Warduj valley. 


According to Nikonov & PakuHomov (1972) during the greatest expansion of the 
Pleistocene glaciers the main iceflow of the Panj valley ended at about 1600-1650 m 
a.s.l., but a branch of it occupied the Ishkashim valley as far as Zebak and from 
here together with the Sanglich glacier proceeded into the Warduj valley ar far as 
the Baharak basin. 

This situation of the old glaciers must have been anterior to that described 
above, as we will see later. Nevertheless, the supposed Warduj branch of the Panj 
glacier never riched the Baharak basin (see later). 


3.8. The Baharak Basin. 


The Baharak basin lies at about 25 km by road to the south-east of Fayd- 
zabad at an average latitude of 36°55’ North and an average longitude of 70° 
45' East from Greenwich. Three rivers meet in the large basin surrounded 
by high mountain ranges: the upper Kokcha, which is the largest, from the 
south and two of its tributaries, the Zardew and the Warduj from the east, 
in the north-eastern part of the basin. Downstream from the confluence, 
the Kokcha river is restricted by high rocky cliffs thus the Baharak basin ap- 
pears to be closed on all sides. The large floor of the basin, which has a 
roughly quadrate shape with 8 km sides, lies at an altitude of 1400-1600 m 
a.s.l. while the surrounding ridges reach 3700 m, although generally they are 
between 3200 and 3500 m. The floor of the basin consists of silt-rich gra- 
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vel deposits in which are embedded also blocks as large as that of white 
granodiorite, near the Dar-i-Hawdz bridge (Plate XIII, fig. 1). The basin 
floor is generally tilted (0,6%) to the north-west, that is towards the gorge and 
is divided in two parts by the Warduj river (Fig. 48). 

The largest edge forms an elongated tongue between the Warduj 
and Kokcha rivers, and this tongue extends onto the rocky promotory of 
Dasht-i-Feraq. The other part is further to the north, on the right hand side 
of the Warduj river, and extends onto the northern slopes of the basin. 

This system of terraces, which can be called Dasht-i-Feraq (from the vil- 
lage located on the larger part), is elevated from 20 to 40 m above the largest 
present river beds and 15-30 m above a lower level on both sides of the same 
rivers and consists of alluvial sandy gravels. 

The Dasht-i-Feraq system ends near the entrance to the Kokcha gorge, 
on the north-western side of the Baharak basin and rests against the dam 
in the mouth of the Zardew valley mentioned on page 358. 

A swarm of rounded mounds emerge from the Dasht-i-Feraq terrace sur- 
face. The largest concentration occupies the central part of the basin and 
they emerge above the long terraced tongue between the Warduj and Kok- 
cha rivers, upstream from the confluence, at about 4 km from Dasht-i-Feraq 
village towards the north-west. Above these mounds stands a rocky hill 
composed of black slates about 270 m above the terrace surface (Plate XIII, 
fig. 2). The base of the mounds is between 1460 and 1500 m, the summits 
between 1543 and 1620 m. 

As shown on the sketch map Fig. 48, some of the mounds are aligned in a 
north-westerly direction, others in different directions. An elongated ridge 
about 100 m high starts at the rocky hill and extends in an arcuate man- 
ner towards the south-west; another further south is lower in elevation and 
extends in a west-northwest direction (Plate XIV, fig. 1). 

The mounds are generally composed of pebbles and cobbles of gneiss 
and black slates embedded in a matrix of fine-grained sands and silt. The 
largest blocks are mostly white granodiorite (Plate XVI, fig. 2). 

Another group of mounds apparently connected with that described 
above, is located on the opposite side of the Warduj river, about two kilome- 
tres north of it, in front of the mouth of the Syah Jar valley. 

An elongated hill extending for more than two kilometres to the north- 
east on the left hand slope of the Syah Jar valley rests against the mountain 
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side which rises to 1600 m a.s.l., rising to the south of Furmoragh village. 
This hill, about 200 m above the Kol Dasht plain and 60 m above the terraced 
plain to the east, has an arcuate shape with the concave side to the east and 
surrounds a flat-bottomed basin similar to a glacial tongue basin (Plate XV, 
fig. 1). 

The hills are mainly composed of pebbles and cobbles of grey gneiss 
occasionally very dark and generally zoned, embedded in a large amount of 
silt. The largest blocks are composed of white granodiorite. 

The interpretation of these deposits will be given below. 

Initially, it must be remarked that in the Baharak basin there is ano- 
ther terrace system higher than the one previously described, especially on 
the southern and western sides. These terraces cannot be correlated with 
the previous ones either because they have markedly different morphological 
and petrographical characteristics. On the slopes of the south-eastern side 
of the basin, between the confluence of the Jurm and Warduj valleys, on a 
terrace, the edge of which is at about 350-400 m above the Dasht-i-Feraq 
terraced plain, there is a large silt deposit with pebbles and traces of bed- 
ding in its upper part. This level, having a surface markedly tilted 
towards the Baharak basin, is correlatable with the large silt deposit con- 
taining pebbles and blocks. These deposits compose similar terraces on 
both sides of the Jurm valley mouth and those on the western side of the 
Baharak basin located between the Jurm valley and the entrance to the Kok- 
cha valley, towards Faydzabad. 

The petrography of the pebbles and blocks composing the terraces of 
the upper system, on the left hand side of the Jurm valley is notably diffe- 
rent from that of the lower terraces. Black slates and grey gneiss are pre- 
dominant and there are also epidotic rocks, quartzites, white and grey mar- 
bles, amphibolites and gabbroid rocks. A wedge of the terraced deposit 
preserved above a rocky terrace on the north-eastern side of the basin be- 
tween Furmoragh and Khayr Abad and above Ganda Chasma village, pro- 
bably belongs to the higher terrace system. The surface of this terrace 
ends lower down at about 1600 m and about 200 m above the valley floor. 

No direct altimetric measurements were made on the wedges of the 
terraces in the mountains surrounding the Baharak basin, but heights were 
estimated in the field with the help of the 1:50.000 scale maps which are 
quite precise. 
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On the western side of the basin it appears that the terraced deposits al- 
most reach Sar-i-Hawdz (') at an elevation of 1800 m a.s.J. and at about 370 
m above the Kokcha river. On the righ hand side of the valley mouth it 
appears that they reach 2000 m, almost 500 m above the course of the Kok- 
cha. They reach the same altitude in the terrace overlooking to the south- 
east the Dasht-i-Feraq that is 500 m above it. The highest ones above 
Furmoragh seams to reach almost 1800 m on the northern side of the Ba- 
harak basin, the same altitude being reached by those on the right hand 
side of the Kokcha valley above the confluence with the Warduj river. 

In conclusion, in the Baharak basin four distinct geomorphological ele- 
ments can be recognized: 


a) A lower system of alluvial terraces 5 to 10 m above the present river 


bed. 


b) A much more extensive system of terraces, called the Dasht-i-Faraq 
terrace system, from 1400-1600 m a.s.!. in altitude (20-40 m above the pre- 
sent river bed), which is markedly tilted to the north-west, that is towards the 
basin outlet, consist of silt-clay-rich gravels with embedded blocks the com- 
position of which is different from the gravels. 


c) An upper extensive system which discontinuously surrounds the basin 
at altitudes ranging from 1600-2000 m a.s.J. and from 200-500 m above the 
present river beds. The terrace consists of abundant silt, bedded in the up- 
per part, and of pebbles and some blocks of grey gneiss, black slates, epido- 
tites (?), quartzites, marbles etc. 


d) A system of rounded mounds emerging (80-120 m) above the Dasht- 
i-Feraq terrace surface. These are composed of pebbles of different sizes, 
made up of gneiss and black slates, embedded in a matrix of fine sand and 
silt with large blocks of white granodiorite. If the Zardew valley mouth 
is included in the Baharak basin area, another geomorphological element 


must be added: 
e) The moraine rampart damming the Zardew valley near the village 


of Baharak, discussed on page 359. 


(1) Another village with the same name is present on the map near a bridge on the Warduj, 
downstream from Baharak. 
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3.9. Tentative Interpretation of the Pleistocene Deposits of the Baharak 
Basin. 


Several contradictory interpretations have already been presented. 

One of our interpretations suggest that glacial deposits are widely dis- 
tributed not only in the tributary valleys of the basin, but also in the basin 
itself. 

The mounds belonging to the system mentioned in d), and that of Ba- 
harak near the mouth of the Zardew valley, were presumed to have a gla- 
cial origin. 

There were probably two glacial expansions in this region: during the 
phase of maximum expansion, the whole basin was filled with ice, which 
probably had a tongue reaching further downstream, towards Faydzabad. 
On the geological map at 1:150.000 scale enclosed with this report, the silt 
deposits of the terraces of the higher system previously are indicated as 
« old moraines » instead of fluvio-lacustrine deposits. 

On the sketch maps fig. 11, 12 and 16 in the report by Sawata (1962) 
most of the deposits on the floor of the Baharak basin are « Pleistocene ter- 
race deposits ». The author also added: « two steps of terraces are known 
in its northern margin near Farmarak and five on the southeastern margin 
of it». In the same figures two moraines are indicated corresponding to 
the Baharak mound and the Ardar landslide heap already mentioned on 
pages 358 and 361. 

These interpretations are refuted in a report by E. Grorzpacu & C. 
Ratuyens (1969). Both authors deny that Pleistocene glaciers could have 
reached Baharak basin and interpreted the mounds as fluvial erosion remains 
of filling deposits (talus fans) of the streams entering the basin which 
reached up to at least 150-200 m above the valley floor. 

Another argument in favour of this interpretation is based on the height 
of the snowline which was determined by these authors in the Koh-i-Baba 
and Salang areas. 

Summarily these are the negative arguments presented by the two au- 
thors cited concerning the origin of the Baharak mounds: the arguments 
in favour of a positive interpretation are given below. 

First, the mound damming the Zardew valley in the Baharak basin is 
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discussed, which we (and Sawarta also) have interpreted as a moraine (Ba- 
harak moraine). According to GroTzBacH and RatTHJENs interpretation, this 
mound also should be a remnant of the fluvial deposits which filled up 
the Baharak basin. This interpretation is refused by the following points: 
a) its topographic position, b) its transverse orientation to the Zardew val- 
ley, c) its profile with a steep slope facing upstream and gentle slope down- 
stream, d) the profile of the upper reaches of the Zardew valley (which was 
also occupied by a lake), e) the tongue-shaped basin upstream from the 
dam, f) its varied lithology with the chaotic arrangement of the material and 
the presence of large erratics, as described previously. 

It is difficult to visualize how the geomorphological agents could have 
produced the Baharak mound starting from an alluvial fan surface. 

Both previous authors do not mention in their report this presumed 
moraine which being a characteristic feature and having its western spur 
within the Baharak basin, could be of the utmost importance in solving this 
problem. 

If it is admitted that the Baharak mound is a moraine, the mounds 
which link up with this moraine and those which rise above the Dasht-i-Fe- 
raq terraced surface should have similar origin. These mounds, further- 
more, do not resemble residual fan deposits since they have rounded tops, 
have a composition similar to the Baharak moraine and have large, scattered 
erratics. The same authors reported that a mound located along the road 
between Faydzabad and Baharak, near Sar-i-Hawdz, is composed mostly 
of well rounded pebbles and cobbles and angular fragments characteristic 
of fluvial deposits and alluvial fans. Along the same road near the above 
mentioned locality — which is indicated on the map acros the Zardew 
river, but it is not known in the area — there are however no mounds si- 
milar to those described by the two authors: up to near Baharak the road 
crosses the intermediate terrace system and morainic-type mounds are only 
present on the other side of the river or near Furmoragh and Baharak. Near 
Sar-i-Hawdz, as shown on the map, a large erratic of leucogranodiorite is 
visible and is illustrated in Plate XIII, fig. 1. 

The swarm of isolated mounds rising between 100 and 200 m (not 80 
m), above the principal terraced surface which occurs between the Kokcha 
and Warduj rivers, shows orientations not only parallel but also at right 
angles to the streams. These orientations are not easily explainable if the 
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mounds are considered to be residual deposits. These mounds also have the 
same composition as those of the Zardew dam. If this is a moraine, as is 
believed, there is no reason why a different origin should be attributed to 
the other mounds which are scattered on the floor of the Baharak basin. 

If the mounds really represent residual alluvial deposits there is no 
way of explaining also the existence of the Dasht-i-Feraq terrace which 
should represent their base. On the contrary, the terrace of the Dasht-i-Fe- 
raq is interpreted here as fluvio-glacial deposits partly contemporaneous, 
partly immediately post-depositional of the Zardew moraine dam (Fig. 49). 

During of maximum expansion of the Zardew glacier, the moraines out- 
side the mouth of the valley, like those near Furmoragh and those to the 
north-west of Dasht-i-Feraq, were deposited, while the glacial tongue, be- 
fore its final retreat, remained stationary for a fairly long time with its front 
corresponding to the « tongue basin » which preceded the Zardew morainic 
dam. 

After the glacier retreated from the lower Zardew valley, the upstream 
basin was filled by a temporary lake which quickly disappearsed as a result 
of erosion of the unconsolidated barrier. A period of maximum expansion of 
the Zardew glacier was discussed above: however, this major glacial expan- 
sion did not necessary occur at the same time as the glaciation which produc- 
ed the Zardew terminal moraine. On the contrary it appears more logical to 
consider that this major expansion of the glacier corresponds to a glaciation 
which occurred prior and was greater than that which resulted in the Zardew 
terminal moraine. In this respect it can be noted also that this latter mo- 
raine presents recent morphological characters in contrast to the hills scat- 
tered over the Baharak basin beyond the moraine. This interpretation is 
also supported by the irregularity of the Baharak basin floor which shows 
scattered rocky mounds and unconsolidated deposits which seams to charac- 
terize a valley floor modelled by glacial erosion. 

Our interpretation provides this general picture which we now propose 
to alter because it does not include the presence, formerly proposed by us 
(1962), of large glaciers coming from the other two valleys which meet in 
the Baharak basin. 

Apart from the glacial and fluvio-glacial deposits, we have previously 
mentioned a lower level of alluvial terraces obviously post-glacial, and an up- 
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per level, mostly composed of silt, which was represented as morainic de- 
posits on the original edition of the geological map enclosed here. 

In effect this origin of this second deposit is now refused by us. The 
abundance of silt and its well defined sub-horizontal bedding, at least in its 
upper part, suggest a deposit which is in part lacustrine. In this instance 
the lake was very deep. The lower edges of the terraces on the left bank 
of the Kokcha river, downstream from Jurm, are in fact at 1700 m and de- 
scend to 1600 m near the confluence with the Warduj. 

On Koh-i-Ukaw, on the southern side of the basin, between the Kokcha 
and Wardyj rivers, the edge of the terrace is at 1800 m and at this altitude 
the deposit of loose material covers an orographic terrace which rises al- 
most to 2000 m in height. 

Perhaps it is possible to correlate with this terrace system certain ter- 
races around Furmoragh which have its edges at 1650 m and 1600 m of al- 
titude. The surface of the terraces generally appears to be inclined towards 
the entrance of the Kokcha gorge, that is towards the north-west. The ave- 
rage dip of the surface can be estimated to be 3%. 

It should be mentioned also that the lithological composition of the 
highest terrace system is different from that of the mounds. 

It seams probably that these terraces are the remains of the infilling of 
the ancient temporary lake which once may have occupied the Baharak ba- 
sin. No trace was found of an ancient barrier near the lower end of the 
basin although traces could have been removed by the subsequent erosion. 
It should be noted, in this respect, that there is a sudden change in the mor- 
phology at the exit from the Baharak basin, where it enters the valley of 
Kokcha. This latter valley has the characteristics of a river gorge of the 
type frequently seen where rivers drain lakes. When this hypothetical 
lake had its outlet in the Kokcha valley, the river bed must have been at a 
higher altitude than the present one, that is about 1600 m. The lower por- 
tion of the valley must have been cut by the river subsequently. 

This interpretation agrees in part with that of Grorzpacnh & Ra- 
THJENS, in the sense that they too consider that the Baharak basin was 
filled by alluvial materials a certain point in time. We think, however, that 
the infilling of the basin was only partial and, moreover, that it was largely 
removed before the glaciers invaded it which occupied a part of the floor 
leaving behing terminal morainic features. 
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The main points of disagreement between our interpretation and that 
of the two above-mentioned authors lies in our denial of a correlation be- 
tween deposits of different nature and origin existing within the basin and 
on its margins, but above all in attributing the moraines, including the one 
which blocks the mouth of the Zardew valley, to residual relief produced by 
streams which have divided and partly destroyed the alluvial deposits infil- 
ling the basin. 

The objections raised by the two authors in connection with the height 
of the snowline will be dealt with below in a specific paragraph. 

The Dasht-i-Feraq terrace system appears to be inserted into the pre- 
vious one, it must therefore be younger. Given its generally flat feature it 
is more difficult to reconcile it with a fluvial erosion surface than with the 
original surface of a fluvio-glacial deposit. 


With our conclusions concerning the moraines of the Baharak basin agree in 
a recent report (1972) also NIKONov & PAkHOMOv. Nevertheless these authors refer- 
red to a moraine also the deposit which dam the outlet of the Warduj valley and 
supposed that the Baharak basin was invaded not only by the Zardew glacier, but 
also by a glacier coming from the Warduj valley. We have no proofs that this event 
happens, but we cannot exclude that the landslide deposit overlies concealing a mo- 
raine. 


3.10. Pleistocene Deposits in the Kokcha Valley downstream from 
Baharak. 


The Pleistocene deposits along this part of the valley have been only 
cursorily examined for various reasons and also because only after the visit 
to the Baharak basin was it possible to appreciate the particular interest 
these deposits presented. However, even if the observations were re- 
stricted, they are considered important enough to be discussed here. 

Below the confluence of the Warduj with the Kokcha, at the exit from 
the Baharak basin, terraced deposits were again observed on both sides of 
the valley, but while on the left hand side they end just below the confluence 
(the dip is much steeper on that side), on the right they can be traced to a 
point below the village of Pa-in-Sahr (1440 m) where they perhaps reach an 
altitude of 1650 m a.s.l. 
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The Pa-in-Sahr deposit can be correlated with the highest terrace 
system of the Baharak basin but another deposit can be seen also between 
Khanaga and Rabat, on the right hand side of the Kokcha river between 
1300 and 1400 m a.s.]., and perhaps it continues further downstream, near 
Khanagqa, more or less at the same altitude. In both cases, in a cut in a 
terrace, a deposit is exposed for about 50 m. This consists of unstratified 
gravels, reddened at the top, in which large, rounded blocks of white gra- 
nodiorite are buried chaotically. Other blocks are scattered on the terrace 
surface, which just below the mouth of the Sum river is very extensive, but 
is in part covered by the talus fan of the river. This river does not have 
white granodiorite within its catchment area, therefore, the large blocks can- 
not be derived from its valley, but if anywhere, from the outcrop which is 
present upstream in the Kokcha valley near Abu Abdal. 

On the basis of these characteristics it was though in the field that the 
deposit was of glacial origin (Drsio, 1962), but presently we think that it 
deals with fluvio-glacial materials. 






Kokcha River 


Fig. 50 - Section of the terrace opposit Faydzabad. (Sec in the text 
the explanation of the numbers). 


Further downstream all the terraced gravel deposits around Faydzabad 
are clearly stratified, with obvious alluvial or possibly fluvio-glacial charac- 
teristics. 

A section studied on the westem side of the large spur of Pul-i-Kesh, op- 
posite Faydzabad, reveals that the thickness of the ancient alluvial deposits 
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is at least 106 m. From the top to the base the sequence is as follows (Fig. 

50): 

17) Loess and eluvial deposits; 

16) Sand and pebbles poorly cemented or without cement: the pebbles 
are slightly rounded and poorly sorted at all levels (85 m); 

15) Conglomerate with large pebbles, slightly rounded, up to two metres in 
diameter; the pebbles are composed of white granodiorite, light col- 
oured granitic gneiss, amphibolite, amphibole schist, amphibole gneiss 
and marble; the cement is grey calcite with detrital elements of feld- 
spar, biotite, muscovite and quartz (3 m); 

14) Conglomerate with 40 cm pebbles; the pebbles are slightly rounded and 
are similar to those in the overlying conglomerate (5 m); 

13) Conglomerate similar to the bed above; the blocks are up to 2 m in 
diameter (4 m); 

12) Conglomerate similar to the preceding bed; the pebbles are up to 50 
cm in diameter (5 m); 

11) Conglomerate as above, with pebbles up to 1 m in diameter (3 m); 

10) Grey coarse arkosic sandstone (61 AE-18) (3 m); 

9) Generally well cemented conglomerate, with pebbles and cement analo- 
gous to those of the overlying conglomerates. The pebbles are up to 
20 cm in diameter (8 m); 

8) Conglomerate as above, less well cemented, with pebbles up to 1 m 
(10 m); 

7) Conglomerate as above, with rounded pebbles up to 10-15 cm in dia- 
meter (10 m); 

6) Conglomerate as above with pebbles up to 40 cm (1 m); 

5) Grey arkosic sandstone with pebbles up to 5-6 cm in diameter (0,30 m), 

4) Conglomerate like those above, with flattened pebbles up to 20 cm on 
the longest side (4 m); 

3) Conglomerate as above, with flattened pebbles up to 50 cm on the 
longest side (2 m); 

2) Conglomerate as above, with flattened pebbles up to 20 cm on the 
longest side (2 m); 

1) Conglomerate analogous (lithologically and in terms of cement) to the 


overlying beds; the pebbles, smooth and flattened, are up to 40 cm on 
the longest side (2 m); 
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Talus, which covers the lowest 15 m of the section, down to the Fayd- 
zabad—Kishem road (situated on the Recent alluvial deposits of the 
Kokcha valley). The altitude of the river bed is about 1200 m a.s.l. 

The upper terrace of Pul-i-Kesh, situated 180 m above the present level 
of the Kokcha river, can be correlated with the highest terraces situated 
above the villages of Bay Malasi and Absiti, which are sited 120 m above 
the Kokcha river. 

In the section described above it is possible to distinguish certain hori- 
zons with lithological and granulometric characteristics which are clearly dif- 
ferent. 

Apart from horizon 17 which is clearly eluvial and eolian, which will 
be discussed later, and the alluvial horizon 16, the interval which comprises 
horizons 11-15 with large blocks (up to 2 m in diameter), has similar charac- 
teristics to a fluvio-glacial deposit. A fluvial deposit is represented by ho- 
rizon 9-10, while another deposit of fluvio-glacial appearance is represented 
by horizon 8 with blocks up to 1 m in diameter. Below, there is a deposit 
of fluvial type 10 m thick, while still lower in the section, ther are coarse- 
grained deposits alternating with fine-grained deposits of alluvial and al- 
luvial-lacustrine types. The pebbles, as mentioned above, are distinctly flat- 
tened, like beach pebbles, the so-called « piastrell », which are formed main- 
ly as a result of wave action. No data are available on the lower 40 m of 
the sequence because, as mentioned above, it is partly covered by detritus 
and in part by a much more recent alluvial terrace deposited against the 
scarp of the previous terrace. 

Some comments can be made on the composition of this section which 
can be related to the deposits in the Baharak basin. Unfortunately, no 
other equally detailed sections of these latter deposits are available, there- 
fore the correlations remain uncertain. 

However, the presence must be noted above all, of horizons with large 
boulders (horizons 11-15 and 8) which could represent fluvio-glacial de- 
posits. These deposits, which were traced for several kilometres down- 
stream, will be discussed later. 

Downstream from Faydzabad, near Bagh-i-Shah, the river forms a bend 
opposite in direction to that present near Faydzabad. Just outside Faydza- 
bad, the valley widens rapidly and at the Bagh-i-Shah bend reaches a width 
of two kilometres and then, near Kuri, three kilometres. Further down- 
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stream, the valley becomes gradually narrower and at Halga Jar is only half 
a kilometre wide; still further downstream, below Ishkashan, it narrows to 
a gorge at the locality where the river cuts through the Kakan Quartz-diori- 
te. The configuration of the Kokcha valley between Baharak and Qara Ka- 
mar shows very clearly the influence that the lithology has had on its mor- 
phology. The river flows in a rocky gorge where there are outcrops of gra- 
nitoid rocks or of Faydzabad Gneiss, while the valley and the river bed wi- 
den where the black slates and the Halgqa Jar Amphibolite are present. 

However, the lithological composition of the area alone cannot justify 
the width of the Kokcha bed between Faydzabad and Qara Kuzi. Down- 
stream from Faydzabad, the river bed is infilled as shown by its low gra- 
dient (5%), the width of the river bed and the alluvial terraces on its flanks. 
A large terrace with a flat surface is present several metres above the pre- 
sent day river and contains almost in the middle of the large plain, a 
group of big, scattered blocks which could not be reached and therefore 
their origin and composition is unknown. 
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Fig. 51 - Section across the terraces of the Kokcha river near Artin Jelaw (from 
Desio's field book). 


KF. Conglomerate of the Kokcha Formation, g. gravel of the old alluvial deposit, 
gb. alluvial deposit with blocks, g. recent alluvial gravels, 1. loes, d. debris. 





It must be remembered also that on both sides of the valley it is possi- 
ble to distinguish two systems of alluvial terraces which near Sabzi Babai, on 
the right side of the Kokcha river, are located at 15 and 50 m above the ri- 
ver; the lower system at 8 m above it. The middle and upper terrace le- 
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vels follow the river downstream and are occasionally replaced by orogra- 
phic terraces. Their gravels are clearly bedded; they contain large blocks 
of granitoid rocks which give also to this deposit a characteristic aspect easi- 
ly recognizable from a distance. The terrace continue downstream for sev- 
eral kilometres: near Artin Jelaw the three terrace levels are still well de- 
fined (Fig. 51). The lower one is only a few metres above the river bed, 
the middle one 45 m, and the upper one 90 m above it. All three terraces 
are formed by gravels, but the middle one contains more subangular large 
blocks the largest of which have a volume of one cubic metre. The tex- 
ture of this deposit is more irregular than the others and occasionally chaotic. 
The gravels of the upper terrace are well rounded and generally of the size 
of a chicken’s egg; they are mixed with large cobbles and blocks several tens 
of centimetres in diameter. The gravels consist of Kakan Quartz-diorite, 
black slate, amphibolite, white and reddish quartzite, and gneiss; the blocks 
are made up of Kakan Quartz-diorite. The gravels of the upper terrace are 
often covered by weathered material and loess up to 10 m thick. 

The middle terrace is more discontinuous than the upper one because it 
is often covered by alluvial fans or cut by lateral streams. 

The gravels of the middle and upper terraces represente the deposit 
with large blocks discussed previously and overlie the conglomerate of the 
Kokcha Formation. 

The characteristics of the terraces further downstream are unknown be- 
cause the Kokcha river below Dadsi was not investigated. The last rem- 
nants observed, those of Darina and Dadsi, are similar to those described 
previously. 

The three terrace levels are well developed in the Kishem valley also. 
The middle one, 25-30 m above the river, and the upper one, do not invaria- 
bly contain large blocks: the gravels are better sorted and consist of granite, 
black slate, limestone, quartzite etc. The middle level is generally covered 
by a light-brown or yellowish material (lehm) several metres thick. 

The terraced gravels of the middle and upper levels are widespread al- 
so in the secondary valleys of the Mashad river tributaries, especially those 
of the western side. Special mention must be made of that descending 
from the Chenar-i-Gunjeskhan pass because of its extensive gravel cover 
capped by a deposit of eluvial clays. 

Special mention must be made also of the area around Kalafghan and 
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mainly of the hilly region rising to the north of the village and culminating 
in a small peak 1866 m high. All these hills are formed by poorly bedded 
gravels and blocks up to half a cubic metre (Plate XV, fig. 2). The gravels 
consist of granite, diorite, amphibolite, black slate, fossiliferous Cretaceous 
limestone, and green sandstone. In the area to the west of Jeldragh only, 
to the north-east of Kalafghan, it is possible to see the gravels (at this loca- 
tion well cemented and in sub-horizontal beds) overlying the green mar]s and 
red sandstone of the Bluti and Baba Darwes formations and the conglome- 
rate of the Kokcha Formation (Fig. 15). These gravels, which near Kalaf- 
ghan have a thickness of 230 m, seem to belong to a complex much more ex- 
tensive further to the west, towards Talugqan, which was significantly called 
Taluqan gravels and appear to have been derived from the Kokcha Con- 
glomerate. However, between Kalafghan and Bluti, but near to the latter vil- 
lage, there are scattered gravels and blocks which occasionally are larger 
than one cubic metre and of various lithologies (not shown on the geologi- 
cal map enclosed in this volume). Their stratigraphical position with respect 
to the Taluqan gravels and to the Kokcha conglomerate is not always clear. 
This is due to the fact that apart from the blocks, the remaining part can- 
not be distinguished from the weathered gravels and conglomerates previous- 
ly mentioned. Large blocks are present in the Kokcha conglomerate also 


but they are never of such a size and reach a maximum of half a cubic me- 
tre. 


Fig. 52 - The gravel with blocks (gb) over- 
lying the conglomerate of the Kokcha For- 
mation (KF) near Katayan. 





The presence of the blocks suggests a similarity with the gravels of the 
middle level terraces of the Kokcha: according to what will be discussed 
later, it seems that the gravels with blocks are located near the hase of the 
Talugan gravel. 

A level with large blocks is also present in Kataghan, on the right side 


AGE OF THE GLACIAL DEPOSITS 385 


of the Talugan valley. Above the village of Khatayan the discordant con- 
tact between the conglomerates of the Kokcha Formation and the deposit 
of gravels with blocks is visible (Fig. 52). At this locality the gravels with 
blocks appear to represent the base of the Taluqan gravels which near Ka- 
lafghan also contain blocks. While visiting the region to the south of Tash- 
kurghan, fifty kilometres to the east of Mazar-i-Sherif, at the exit from this 
village, a horizon of gravels with blocks up to two cubic metres was ob- 
served. The gravels are mostly formed by limestones; the blocks consist of 
white limestone, multicoloured conglomerate and green sandstone which 
outcrop in the surrounding mountains. 

The gravels with blocks overlie a conglomerate horizon comparable to 
the Kokcha conglomerate which, in turn, unconformably overlies a_hori- 
zon of brown and reddish sandstones of Eocene or/and Oligocene age (Pla- 
te XVI, fig. 1). 

The stratigraphic position of the gravels with blocks at this locality also 
appears to be similar to that observed near Kalafghan. The presence of 
blocks can be explained by two simultaneous phenomena: the rapid uplift 
of the Bazarak Kotal range and the consequential intensive river erosion; 
and the increased precipitation which occurred presumably during the Gla- 
cial epoch. The gravels with blocks would thus either represent the fluvio- 
glacial deposits of valleys the headwaters of which contained retreating 
Pleistocene glaciers, or fluvial deposits produced near mountain ranges dur- 
ing rapid uplift. The very narrow and deep gorge in limestones just up- 
stream from Tashkurghan may be proof of this statement. The Kalafghan 
gravels and blocks may perhaps have the same origin. 


4. THE AGE OF GLACIAL DEPOSITS IN CENTRAL BADAKHSHAN. 


4.1. Introduction. 


In a preceding paragraph, various deposits believed to be of glacial ori- 
gin were discussed, which are present in the valleys of Central Badakhshan 
and a different interpretation of the Baharak basin deposits was presented. 

One of the arguments suggested to negate the possibility that the Plei- 
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stocene glaciers could have reached the above mentioned basin of Baharak 
is represented by the height of the snowline during the Pleistocene glacial 
expansions. 

It is usefud to report here the results of the investigation carried out 
using data which are at present available for central Badakhshan and sur- 
rounding regions. 


4.2. The Present-day Snowline in Central Badakhshan. 


Before dealing with the Pleistocene glacial phenomena in the area stud- 
ied it is necessary to make a rapid assessement of the present glacier sit- 
uation. Unfortunately, as it was stated in the introductory chapter to the 
present volume, detailed research on this subject was not possible and only 
a small part of Central Badakhshan was visited, while the higher parts of the 
area are to the south and to the north. 

However, even the few data collected can be used to provide a brief 
account of the present-day glaciation; these data can be compared with those 
in neighbouring areas like the Hindu Kush and the Pamir which have more 
glaciers and are better known. 


The most glaciated area of Badakhshan sensu lato is the northern side 
of the Hindu Kush because the highest ridges are in this area, the snow catch- 
ment basins are larger, and also because in this area it has a south-western 
orientation and represents, with its nortward facing spurs, the highest bar- 
rier to the path of the moisture bearing winds of the 4 quadrant. Moreo- 
ver we have no direct knowledge of these glaciers and thus we do not in- 
tend to dwell on this matter and, in order to discuss our problem, we have 
used the studies of other authors. 

Of particular interest to us are the glaciers which appear to be well 
developed in the northernmost part of Badakhshan, straddling the 38" par- 
allel, for which however no certain data are available and large scale maps 
are not known to us. 

The data collected refer to some small glaciers located above Zebak 
and in the mountainous areas of north Central Badakhshan between Lake 
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Shiwa and the Warduj river. Other morphological data can be derived 
from the topographic maps at 1:50.000 scale available to us. 


Starting with the Jagdaw glacier located below the Jagdaw ridge, above 
and to the east of Zebak at 36°31’ north. The ridge is generally aligned 
north-south and two peaks dominate the small glacier, one at 5081 m and 
the other at 4992 m. It is a small glacier occupying the upper part of a 
cirque which is wide in the lower parts and ends at about 4520 m above 
a detrital slope. The glacier, facing east-northeast, has a sub-triangular 
outline with one side parallel to the ridge and a rounded front. The total 
area is about 3,77 ha. This small glacier provides an opportunity to deter- 
mine the altitude of the snowline. 

An attempt can be made to obtain the average height of the glacier 
surface using Kurowsxi’s method; the height must fall between 4500 and 
5081 m which are the lowest and highest elevations of the glacier. If ac- 
count is taken of the sub-triangular shape of the glacier having an apex at 
the lower and, it is possible to determine the mean height of the surface at 
4830 m, which can correspond with the altitude of the snowline. The 
other examined glaciers are located on the western side of the Koh-i-Khush 
between two through valleys and a cirque which open into the upper parts 
of the Kurkhu valley and the northern tributary of the Aqshira river. Their 
mean latitude is 36' 51’ North. 

The North Agqshira glacier is situated at the bottom of a large valley, 
generally facing west-northwest, below a ridge which culminates in two 
peaks 4917 and 9421 m high (’) (Fig. 53). This glacier has a sub-trinagular 
shape elongated towards the lower end with the shortest side parallel to the 
above mentioned ridge. It is about two kilometres long, has a mean width 
of 700 m and an area of about 11,60 ha. In August 1961 the highest point 
of the glacier was at 4917 m, the lowest at about 4080 m. The glacier has a 
well shaped catchment basin with two unequal ice flows and a sort of rather 
large tongue which starts at about 4350 m, but which in the lower part is 
mixed with detrital material and disappears under it probably extending 
towards lower levels with dead ice and detrital masses. 

The average maximum and minimum height of the glacier is about 4500 


(1) The data concerning the Aqshira and Kurkhu glaciers were collected by G, PASQUARE during 
Desio's 1961 expedition. 
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m, the average height of the surface is slightly less and is 4450 m. This 
height could also represent the altitude of the snowline. 

Another small glacier is located within the adjacent cirque to the south 
of the preceding one. We called it South Aqshira glacier but we renounce 
to include it in our calculation for the lack of data. 

At the head of the Kurkhu valley there are two glaciers, the larger, in 
the valley, is called here the Kurkhu glacier and the one in the cirque is 
called here the North Kurkhu glacier. 

The Kurkhu glacier is in a narrow deep valley prevailingly facing north, 
which descends from the ridge culminating at 4863 m. On both sides of 
the catchment basin of the glacier there are another two peaks which reach 
4773 and 4621 m. The glacier has a single catchment basin, is sub-rectang- 
ular in shape, about 3 km long, and a relatively uniform width of 700 m. 


Fig. 53 - The glaciers of the upper Kurkhu 
valley (to the north) and the northern 
branch of the Aqshira valley. From a 
sketch-map of August 1961 by G. PASQUARE. 
Scale 1: 100.000. 





The surface of the glacier, in the middle and lower parts, is covered on 
both side by lateral moraines which, lower down, join together completely 
covering the surface of the ice which probably continues in depth as blocks 
of dead ice. The highest and lowest points of the glacier in 1961 were re- 
spectively 4600 and 3900 m; the area was 14,55 ha; the mean height of the 
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surface of the glacier is slightly higher than the average of the maximum and 
the minimum heights of the glacier (4250 m) and was about 4240 m. This 
figure can be considered as the snowline for a glacier of middle size having 
a northerly exposure. 

The North Kurkhu glacier is a small glacier occupying only part of a 
cirque located on the western side of the peak marked 4835 m on the map 
and which ends above a rocky step overlooking the right hand side of the 
previous glacier. When the North Kurkhu glacier was more extensive it 
must have formed a lateral hanging tributary of the Kurkhu glacier. At 
present the glacier is completely indipendent and possesses a terminal mo- 
raine. The North Kurkhu glacier has a more or less sub-quadrangular shape 
with an apex near the highest point at about 4600 m and another at the 
lowest point around 4280 m. It has an area of 2.80 ha. The average of 
the highest and lowest points is 4440 m and the mean height of the surface 
of the glacier is slightly less, about 4400 m. This height, which can be 
considered to correspond to the snowline for glaciers with a westerly orien- 
tation, almost coincides with that found for the North Agshira glacier ex- 
posed to the north-west. Another glacier, for which some data are availa- 
ble, is the Astan glacier located 9 km south of Lake Shiwa. The Astan gla- 
cier lies on the northern side of the Koh-i-Astan generally aligned north-east 
and culminating at a peak 4756 m high. The glacier lies at an average la- 
titude of 37° 18’ north and occupies the upper part of a small valley which 
descends towards the north and immediately below the highest part of the 
Koh-i-Astan ridge, between the peaks marked 4756 and 4765 m. The gla- 
cier is tributary of the Jog Beg Qamar, one branch of the Arakht river. The 
glacier has an irregular shape and is divided in two parts by an arete be- 
longing to the same ridge. It has an area of about 8 ha and ends lower 
down with an irregular front at about 4200 m (’). The average height of 
the surface has been estimated to the be at about 4420 m. These data, al- 
though uncertain, have been presented for lack of better information, in or- 
der to indicate approximately the height of the snowline in that area. This 
limit does not differ remarkably from 4420 m for a glacier having a northerly 
orientation. 


The Astan glacier is marked in a sketch-map of Sawata (1962, fig. 25). In the 
same fig. 25 four other small glaciers are mared 5-6 km to the east, but in the 


(1) This extimate was made from a distance. 
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1:50.000 maps no high ridges are to see in this area. Other eight small glaciers are 
(doubtfully) marked in the fig. 25, at the head of the Ab Zijad and Ab Kotal valleys. 
We have seen no glaciers in these valleys. 


At this point an attempt will be made to obtain data about the present- 
day snowline which could serve to compare the data that we shall try to ob- 
tain about the traces of the Pleistocene glaciers of the region studied. 

As is well known, the methods in use to obtain the height of the snow- 
line from altimetric and morphometric data of glaciers, are many and it is not 
considered necessary to report them here. On other occasions (DeEsio, 
1936) Kurowsxi's method (1891) was used in the Karakorum range with suc- 
cess both for large and small glaciers; the same method has also been used 
for Pleistocene glaciers in an Alps (’) with statisfactory results. 

When there are no detailed topographic maps and, above all, they lack 
contour lines, the HOFER method (1879) with some amendments can be sub- 
stituted for the previous one; this method has been widely used for Pleisto- 
cene glaciers when it was not possible to reconstruct their surfaces. Both 
methods give equal or very similar results when the surface of the glacier 
is uniformly sloping and its shape is similar to a square or rectangle which 
often occurs in small glaciers. 

After this brief introduction it is reasonable to summarize the data ob- 
tained up to now in order to determine whether they agree with each other 
and with those of the neighbouring region, and how the present-day snow- 
line in the region studied is distributed. In the table of the page 391 the 
data relative to the various glaciers studied are summarized; the glaciers 
are listed according to their latitude. 

As far as the snowline in the three areas where the above mentioned 
five glaciers are present is concerned, the Kurowsxit and Horer methods 
could be used in the computations, the first because it is reputed to be the 
most exact, the second because it was used for the Pamir glaciers and for 
some glaciers studied in the Hindu Kush, with which the values obtained for 
our glaciers will have to be compared. 

Now we must modify the data relative to the orographic snowline with 
the so called orographic coefficient which represents the number of metres 
by which the average height of the glaciers is above or below the climatic 


(1) A. Desio (1927), L’evoluzione morfologica del bacino della Fella in Friuli. « Atti Soc. Ital. 
Scienze Nat. », vol. XLV (1926), p. 397, Milano. 
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snowline and is due to such factors as the orientation, the shape of the gla- 
cier basin, the avalanche alimentation, the insolation etc. 

This coefficient is very important not only for defining the present-day 
snowline, but also for correctly interpreting the moraines left by previous 
glaciations and during the retreat of the Pleistocene glaciers. 

It must be noted here that at least part of the criteria used for the de- 
termination of the orographic coefficient is rather subjective and as a result 
of this the extimates considered by various authors do not agree. 

The only factor of the coefficient which can be objectively determined, 
is represented by the orientation, which theoretically is deduced from the 
insolation without taking into consideration the cloud coverage and the 
other local factors such as the slope of the glacier surface, the shadowing, 
the type of alimentation etc. This factor can be calculated with precision 
for all latitudes (’). It is obvious that the northerly orientation produces a 
lowering of the snowline, while the southerly orientation produces a rise. 
The arithmetic mean of the two values should provide the height of the 
snowline but the other factors significantly modify the resulting value. The 
easterly and westerly orientation apparently should not influence the height of 
the snowline but, also in this case, account should be taken of the factors and 
in particular the direction of the rain bearing winds. However, only when 
the data concerning all the factors are accountable, it is possible to obtain 
with the arithmetic mean, the most accurate values of the height of the snow- 
line. Also in this case the local factors must be considered. 

In our case it must not be forgotten that the available data are so re- 
stricted (only five glaciers of which three are located in a small area were 
examined) that the corrections adopted by other authors in neighbouring 
areas must be considered, in order to correct the orographic values. 

The Jaghdaw glacier, which is located further to the south and is near- 
est to the Hindu Kush range, will be examined first. 

The values obtained using both methods differ greatly (—72 m with 
the Kurowsk: method) but not sufficiently to invalidate that obtained by 
the Horer method which although approximate for defect, must be borne in 
mind in order to compare it with those obtained by other authors in neigh- 
bouring areas. When account is taken of the east-northeasterly oxienta- 


See A. Desto (1967), p. 738, 
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tion of the glacier only the average elevation of its surface has to be modified 
in order to obtain the height of the snowline. 

The height of 4900 m could represent the altitude of the suowline if 
account is taken of the northerly component of the orientation. The fact 
that the Jaghdaw ridge, further to the north, does not reach 5000 m and 
that glaciers are absent on the east side, in the western cirques, as well as 
in those facing north, demonstrates that the 4900 m figure must not be far 
from the truth. 

Consideration must now be given to those glaciers in the Koh-i-Kush re- 
gion. The average height of their surfaces are 4450, 4240, 4400 m for orien- 
tation ranging from west-northwest, north and west respectively. If an ana- 
lysis is made of the Kurkhu glacier, which is the largest and faces north, 
in order to obtain the height of the snowline the mean height obtained must 
be increased by about 300 m to take account of the orientation (selecting a 
value slightly higher than that of Zasrrov for the closest area of the Pamir 
(see page 395). Thus the snowline has been computed at 4540 m which 
can be rounded up to 4600 m. The increment for a westerly orientation 
(North Kurkhu glacier) would then be 200 m, for a west-northwesterly 
orientation (North Agshira glacier) 150 m. The difference between these 
two values can be attributed to the morphological coefficient if considera- 
tion is taken of the fact that the first is a small cirque glacier while the se- 
cond, although of modest dimensions, is at least five times larger and shows 
the characteristics of a valley glacier with morphological affinities to the 
Kurkhu glacier. 

If the average of the values obtained for the three glaciers using the 
Kurowski method is calculated, a value of 4363 m is obtained. This value 
also should be significantly increased to account of the tact that glaciers 
with southerly and easterly orientation are not present and the values are 
missing from the calculation. In order to arrive at the figure of 4600 m the 
increase is of the order of 237 m, which value appears to be reasonable if 
consideration is also taken of partial alimentation by avalanches, so that 
4600 m can be considered justifiable ("). If reference is made to the val- 


(1) The factor of the avalanche alimentation, to which some authors attach great importance 
for the calculation of the orographic coefficient, is proportional to the steepness and extent of the 
rocky walls overlooking the glacier. Such characteristics, which in Hindu Kush, but mainly in the 
Karakorum are very important, in the case of the glaciers studied, do not exceed those of the 
second order glaciers in the Alps (Desro, 1967). 
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ues calculated with HOrer method for the Kurkhu glacier a height of 4690 m 
is obtained, which is 90 m higher than the previous value. 

In order to make our data comparable with those found by Zasmov 
in Pamir using the Horer method, the previous value must be increased to 
4700 m with an excess difference in value of almost 100 m. 

The Astan glacier, the last to be discussed, has a mean surface height 
of 4420 m for its northerly orientation. For the same glacier the height of 
the snowline would be 4700 m, that is an altitude significantly higher than 
that of the Koh-i-Khush glaciers which are 53 km in a straight-line to the 
south-southwest. However, as stated above, the topographic data relative 
to these small glaciers are at least in part doubtful and consequently are of 
no great importance in the general picture. If the HOrer method is used, 
we obtain a slightly higher figure as in the previous case. 

Some comments must be made in connection with the figures presented 
above. The values which appear to be most reliable are those which relate 
to the Koh-i-Khush because they refer to three glaciers rather than to only 
one, as in the two previous cases, and also because their heights are more ac- 
curately determined. If the values relative to the Jahdaw and Astan gla- 
ciers, situated one further to the north and the other further to the south, are 
accepted as valid, it must be concluded that the snowline rises towards the 
south, that is towards the Hindu Kush range, and also towards the north, 
that is towards the highest parts of Northern Badakhshan. 

At this point it is useful to compare our data with those which concern 
the closest mountainous areas which are the Hindu Kush, to the south, and 
the Pamir to the east. 

Regarding the first, we have at our disposal the data provided by A. 
v. WissMann (1960), more recent data by E. Grorzpach & HILLEBRANDT 
(1964) relative, however, to a part of the above mentioned range that is the 
Khwaja Muhammad group and finally those of E. Grorzpacn & C. Ra- 
THJENS (1969). WissMann’s data refer, above all, to the glaciers on the south- 
em side of the range with figures ranging from 4700 to 5200 m for the 
orographic limit taking into account the fact that the lower figures refer to 
the northern side of the chain. On the Khwaja Muhammad group the two 
above mentioned authors obtained an altitude of 4700 m for a northerly 
orientation and up to 5200 m for a southerly one. The values for the cli- 
matic snowline were found to he 4900 and 5000 m. In these calculations 
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the orographic coefficient adopted must be take into account. Generally, 
according to WissMann’s figures (p. 49), in subtropical regions with low 
precipitation the difference between the northerly and southerly orientation 
amounts on average to about 400 m, while it is about 200 m in the highest 
rainfall areas of the northern hemisphere. 


GrorzpacH & Raruyens (1969) indicate an average value between 300 
and 400 m for the Khwaja Muhammad and the Koh-i-Bandaka mountains. 
In the same report a sketch-map with contour snowlines of Hindu Kush, be- 
tween Koh-i-Baba and Tirich Mir, is enclosed. This sketch-map, which 
was partially deduced from Wissman’s map, shows an area of maximum 
elevation of the snowline (5200 m) within the upper Kokcha drainage 
basin. 

Westward the contour snowlines lower along the Hindu Kush ridge to 
a minimum of 4800 m (to the north of Jabal-us-Siraj) and then they rise as 
high as 5100 m on the eastern ridge of Koh-i-Baba. In the middle Jurm val- 
ley the contour snowlines run very close to each other, and near the Jurm vil- 
lage they become as low as 4600 m. Further north-east, that is in direction 
of south-west Pamir, the contour lines spread out once again. 

The use of Horer method, also with slight corrections, is doubtful. 
However these are the most reliable data available for that area. These 
were the data used by the two authors for their map of the isochiones which 
for the part nearest to the area considered by us, are dotted because they 
were taken from WissMann’s map which deals with the whole of Asia. 

The altitude of the snowline derived from the Jaghdaw glacier was cal- 
culated as 4900 m (page 387). We are therefore in agreement with the 
data determined by Grorzpacn & Hitiesranpv. 

The Pamir, concerning which there is an important work by R. D. Zast- 
nov (1955), the essential data of which were also mentioned by WissMANN 
(1960) ('), is now to be discussed. 

A start can be made by referring to the Shugnan range, situated in 
South-west Pamir, which has glaciers and is nearest to the Lake Shiwa area 
and the Astan glacier. According to Zapirov’s data, reported by WisSMANN 
(1960, p. 1193), the north-western side of the range has three glaciers, all 
oriented to the north, like the Astan glacier. The determination of the oro- 


(1) We have used WISSMAN’'S data because the original was not available to us. 
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graphic snowline appears to be certain (4400 m) for only one, whereas for 
the other two the estimated altitude is doubtful; however it is 4850 m and 
4320 m. The height of the snowline for this area is estimated at 4600 m. 
An increase of 243 m is used to counterbalance the northerly orientation of 
the three glaciers. 

Reference is now made to the Astan glacier calculated with the Horrr 
method — in order to follow closely Zasmov's determinations — is 4488 m. 
This value is slightly higher than that of the three glaciers under discussion 
(the mean height for these is 4457 m). In spite of the uncertainties concern- 
ing not only the data for the Astan glacier, but also at least two of the 
three Pamir glaciers, we consider the high of the snowline 4600-4700 m to 
be sufficiently accurate, for both the south-western part of the Shugnan 
range and the mountainous region of the Astan glacier. 

The small group of glaciers in the Koh-i-Khuch area are now to be con- 
sidered. The Pamir mountain range, nearest to the above mentioned gla- 
ciers, is the Ishkashim range, which also has glaciers. The data concer- 
ning the height of the snowline are derived in particular from six glaciers 
and vary between 4650 m and 5000 m, but in this case also some data are 
doubtful. Wiussmann limits himself to stating that the height of the snow- 
line is lower than 5000 m. Referring to the values of the height of the snow- 
line in the Koh-i-Khush, previously determined, a height is obtained slight- 
ly lower than the lowest value (doubtful) indicated for the Ishkashim range. 
If, however, reference should be made to the Shakh Darrah range, which is fur- 
ther east, yet higher values would be obtained, and this suggests a raising 
of the snowline in that direction. This hypothesis is confirmed by the fur- 
ther increase in height of the snowline in the mountainous areas, which is 
situated further to the east. 

A more general consideration can now be made of the position of the 
snowline in Central Badakhshan and reference can be made to WISSMANN'S 
map (1960), because GrorzpacH & Ratuyens have prepared their map 
(1969) using Wissmann’s that is for the part which is of direct interest to 
us. 

The 4600 m contour line, which passes just to the south of Lake Shiwa, 
coincides with the height indicated above for the Astan glacier, but the un- 
certainty of this value has already been discussed. In the Koh-i-Khush 
mountain region the snowline lies between the 4600 m and 4800 m contour 
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lines on WissMann’s map. The mean value obtained by us is 4600 m, 
which corresponds to that of the lower altitude contour line, whereas, on 
WISSMANN’s map, the line nearest to the Koh-i-Khush should be the 4700 
m line. 

Reference should really be made to the average of the figures obtained 
with the Horer method, which has been used for the Pamir. Then a sligh- 
ly higher mean value would be obtained, that is 4634 m, taking into con- 
sideration the corrections relative to the orientation. This is still a lower 
value than the one appearing on WissMann’s map. 

It can be asked whether further corrections to our data are necessary, 
or whether corrections should be made to the orientation of the lines in Cen- 
tral Badakhshan on WissMANN’s map, since his lines in the area under con- 
sideration are dotted, and thus uncertain. We think that the direction of 
the 4600 m a line should be corrected. It should be moved slightly fur- 
ther to the east, where is a dotted line, so that it is aligned closer to a north- 
south direction, like the 4800 m line, to which it would be more or less par- 
allel. The same should be done for the 4400 m line. 

If this slight correction is made, then the Koh-i-Khush area would lie 
between the 4600 m and 4700 m contour lines (interpolated). This agrees 
with the glaciological data we collected in that area. 

According to a report of M. G. Grosvat’p & V. M. Kotiyaxov (1969) 
the hight of the equilibrium line of the present glaciers in Alay and Pamir 
lay between 3800 and 5200 m. 


5. THE ALTITUDE OF THE SNOWLINE DURING GLACIAL EPOCH IN CENTRAL 
BADAKHSHAN. 


The age of the deposits believed by us to be glacial in this area can be 
deduced from the difference between the old snowline and that of the pre- 
sent. 

In the previous chapter we have attempted to determine the altitude 
of the snowline for five present-day glaciers, the morphological data of 
which are available. In the table 5 at page 39] the values obtained with 
the Kurowsxr and Horenr methods are shown. Regarding the Pleistocene 
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glaciers, the first of the two methods cannot be applied because there are 
not enough data available to reconstruct cartographically the surface of 
the glaciers. It is therefore necessary to use the Horer method which 
moreover has also been used in Pamir. 

The Baharak moraine which, as it is known, dams the Zardew valley will 
be discussed first. In the Zardew drainage basin the present day glaciers 
which are probably present, were not investigated. Some data however are 
available which concern present-day glaciers occurring under ridges very 
near to those above the Zardew basin. These are the Aqshira glaciers, the 
Kurkhu glaciers and the Astan glacier. The Jaghdaw glacier, in the Zebak 
area, cannot be taken into consideration because it is very far away and near 
the Hindu Kush range. 

In order to compare the data, the values obtained for the four glaciers 
must be converted using the HOrer method. These data are 4400, 4290, 
4502, 4488 m respectively and refer to glaciers facing west-northwest, north, 
west and north. The average is 4420 m. It is difficult to establish which 
corrections should be employed. The northerly component of two of the 
glaciers could increase this value slightly. However, if the orientation of 
the Pleistocene glaciers, with which the present day glaciers are to be com- 
pared, were the same or slightly different, there would be no need to intro- 
duce any corrections. 

The first comparison will be with the Zardew glacier at the time when 
its front was near the Baharak moraine (1670 m). This glacier was general- 
ly facing west and therefore the best comparison should be with the North 
Kurkhu glacier, which is facing in the same direction and with the North 
Aqshira glacier which has also a prevalent westerly orientation. The av- 
erage values for the two glaciers is 4450 m which appears to be the best ap- 
proximation. 

If an attempt is made to determine the height of the snowline for the 
Zardew glacier with the Horer method and if the average height of 4600 
m is considered for the ridge of the catchment basin, a value of 3135 m is 
obtained. The lowering of the snowline with respect to the present day 
values would therefore be about 1200 m. Now an attempt will be made to 
determine the hight of the snowline for the other glaciers of which traces 
were observed. 

Regarding the Shakh Darra glacier no certain altimetric data are availa- 
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ble for its end, which was estimated to be at about 2600 m and consequently 
the values which are obtainable are rather hypothetical. However, the 
average height of the ridges of the catchment basin can be estimated to be 
at 4300 m. The average is 3450 m. A present day glacier lies near the 
catchment basin, that is the Astan glacier for which an average height of 
4488 m was calculated with the HoreER method. This value, however, re- 
fers to a northerly orientation and for a westerly orientation should be raised 
to at least 4550 m. The difference is 1100 m and this value should cor- 
respond to the lowering of the snowline with respect to the present altitu- 
de: as said above this value is very uncertain. 

The Lake Shiwa glacier will now be considered. The glacier occupy- 
ing this lacustrine basin was fed by two iceflows coming from north-west 
and south-west respectively. The average height of the ridges of the catch- 
ment basin is about 4500 m, the height of the moraine on the edge of the 
lake is 3200 m and therefore an average value of 3850 m is obtained. This 
value can be compared ith that obtained for the Astan glacier which is 4488 
m and is related to its northerly orientation, while the orientation of the Lake 
Shiwa glacier can on average be considered to be easterly and therefore must 
be increased to 4530 m. The difference of the snowline values is 680 m, 
which represent the lowering of the snowline in relation to the Lake Shiwa 
moraine. 

The Zebak glacier will now be considered which is located further to 
the south than the previous ones and is fed by a catchment basin on the 
northern side of the Hindu Kush (Fig. 54). 

Considering the position of the Gul Khana and Ru Kol moraines it 
can be assumed that the Zebak glacier front halted at a height of about 2565 
m a.s.l. (average of the elevations of the two moraines). The average 
height of the ridges of the catchment basin can be estimated at about 6000 
m. The average of these two values is 4141 m., which applies to a norther- 
ly orientation. If a comparison is to be made with the value obtained for 
the Jaghdaw glacier, facing east-northeast, it should be increased to 4200 m. 

The lowering of the snowline represented by the Gul Khana and Ru 
Kol moraines, with respect to the present-day snowline, should thus be 558 
m. Other determinations, to complement these could be made if the sup- 
posed glacial deposits of the Warduj valley present at the mouths of the tri- 
butary valleys of Aqshira, Bashun and Tergeran are considered, (cf. page 
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363). In the case of the first of the three valleys, supposing that the 
mounds represent a terminal moraine of the old Aqshira glacier, the height 
of the corresponding snowline would give the following results: height of 
the Aqshira moraine 1800 m a.s.l., average height of the ridge of the catch- 
ment basin 4800 m. The average is 3300 m which, according to the Ho- 
FER method, could represent the height of the snowline. The lowering of 
the snowline obtained with the same method for the present day North Aq- 
shire glacier is 1100 m. Similar values were obtained for the other two val- 


leys. 


Fig. 44 - The reconstruction of the 
old glacier in the Zebak valley du- 
ring the « Zebak stade ». 





The results of the calculations concerning the lowering of the snowline 
with respect to the present day snowline are given below: 


Zardew glacier (Baharak moraine) 1200 m 
Shakh Darrah glacier 1100 m (?) 
Lake Shiwa glacier 680 m 


Zebak glacier 558 m 


SNOWLINE DURING THE GLACIAL 401 


Lateral glaciers (Aqshira, Bashun, 
Tergeran) of the Warduj valley 1100 m. 


The values listed above should be divided into two groups, the first 
from 1100 to 1200 m, the second from 560 to 680 m. Evidently these two 
groups cannot be referred to the same glacial phase. The first should be 
referred to one of the major glaciation; the second to a minor phase of pro- 
bably post-Glacial time which was called by us, the Zebak stade, during 
which an average lowering of the snowline of about 600 m with respect to 
the present snowline, occurred. 

If these data are compared with those for the Alpine region it should 
be assumed that the first group represent a glacial episode corresponding to 
the Wiirm glaciation of Penck and Brickner for which the lowering of the 
snowline with respect to the present day snowline is 1200 m. On the con- 
trary, a lowering of 600 m would correspond to the second post-Wiirm 
stade, that is to that of Gschnitz and not to the first, of Buhl. 

At this stage the data collected by us can be compared with those from 
the neighbouring areas. 

In the Khwaia Muhammad group Grotzpach & HILLeBRANDT (1969, 
page 20) calculated a lowering of the climatic snowline for the last glacial 
expansions of 1300 m with respect to the present day snowline. Gnrorz- 
BACH & RaTHJENS (1969, page 62) for the Hindu Kush, between Koh-i-Baba 
and the Panjshir area, obtained values of 1000-1100 m for the lowering of 
the snowline. 


GrotzpacH & RATHJENS created for the lower values two phases, the 
Salang Stadium for the lowering of the snowline of 800 m with respect to 
the present day snowline and the Ramayel Stadium for a lowering of 500 
m. The values determined by us do not coincide with theirs. It can be 
said, however, that the Zebak stade could correspond to the Ramayel if ac- 
count is taken of the direct relationships between the old glacier and those 
of the Hindu Kush range like those which were studied by these two 
authors. 
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6. THE NUMBER OF PLEISTOCENE GLACIATIONS IN CENTRAL BADAKHSHAN. 


In order to determine the number of glaciations which occurred in the 
studied territory during the Pleistocene, two main elements have been exam- 
ined. These are the morphological and stratigraphical characteristics of 
the various glacial deposits and the altitudes of the snowline referred to the 
terminal moraines. 

Two great glacial expansions are sufficiently well documented of which 
one corresponds to the Zardew terminal moraines and the lower levels of the 
valley terraces in the middle Shakh Darrah valley and the outlets of certain 
tributary valleys of the Warduj valley: the other to the upper levels of the 
valley morainic terraces in the Zebak, Warduj, Zardew and Shiwa valleys 
and the presumed terminal moraines in the Baharak basin. These are the 
major glacial expansions in Badakhshan, while the poor traces of a much old- 
er glaciation with weathered moraines have still to be confirmed. 

As discussed above at the beginning of the chapter, recent research un- 
dertaken especially in Pamir and Tadzhikistan, but also in norther Badakh- 
shan by Russian scientists, especially A. A. Nikonov & M. M. Pakomov 
(1972), has established proof of the existence of three glaciations, one in the 
Early Pleistocene, one near the end of the Middle Pleistocene and one in 
the Late Pleistocene. The oldest glaciation (Late Pliocene) is only a hypo- 
thesis. 

From the brief notes which have been made available very recently it 
is understood that the studies have followed three lines, that is morpholo- 
gical, stratigraphical and palynological. Thus the conclusions appear to be 
sufficiently well based even if for the moment detailed documentation and 
reference to the variations in the height of the snowline relative to the va- 
rious glaciations is lacking. 

It is obvious that there must exist in Badakhshan remains of the three 
glaciations much more extensive than those noted during the rapid visit made 
by us to the country. It remains for us therefore to attempt to refer the 
glacial deposits discussed above to the glaciations which were distinguished 
by the Russian authors even though they used spore and pollen results. 

According to these authors the most widespread glacial horizon in the 
main valleys of Badakhshan is represented by the «ash grey moraine » 
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which has been referred to the major glaciation of Middle Pleistocene age. 
This glacial deposit is present not only along the upper valley of the Panj 
from Wakhan Dara to Ishkashim but also in the Zebak depression (see page 
368) and in the Warduj valley as far as its confluence with the Kokcha, in 
the Baharak basin, descending from 3300-2800 m to 1400 m. These au- 
thors add that under these deposits at several localities fluvio-glacial peb- 
ble fans outcrop, which are several tens of metres thick. These occur to 
a depth of many metres beneath the present river beds and are referred to 
the previous Interglacial. 

These pebbly Interglacial deposits have smaller grain size where the 
valleys are wider not only in the areas occupied by the glaciers but beyond 
them as for example near Jurm. The spore and pollen results obtained from 
the deposits examined at Khash Dara (Jurm) indicate the predominance at 
that time of xerophytic plants suggesting a hot-dry climate. These there- 
fore are Interglacial deposits laid down immediately before the Middle Plei- 
stocene glaciation. 

Spore and pollen results for the lower part of the Khash Dara section 
indicate the occurrence of another glaciation (Early Pleistocene) preceded 
in its turn by a period of sub-tropical steppe-like climate of Late Pliocene 
age. 

The age dating of the above mentioned authors given to the moraines 
in the Baharak basin are less clear. In this connection they observed that 
the Middle Pleistocene dating of the buried fluvio-glacial formation is con- 
firmed also by the fact that it is covered by more recent moraines which 
fill the bottom of the glacial valleys in the lower courses of the Zardew and 
Wardyj rivers and block the mouths of the two valleys in the Baharak basin 
with « fresh well preserved terminal moraines ». The relationship between 
the «ash grey moraine » and the Baharak moraine is not clear. They are 
supposed to have formed under separate glacial conditions, one in the Mid- 
dle Pleistocene which was widely distributed in the area studied, and one 
in the Late Pleistocene. During the last glaciation also, glaciers developed 
not only in the cirques, but also in the valleys and these must have reached 
the main valleys. 

Presumably the moraine which blocks the mouth of the Zardew valley 
can be attributed to this glaciation, as can the Shakh Dara moraine and 
those occurring near the mouths of the tributary valleys of the Warduj valley 
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(Aqshira, Bashun, Tergeran), because of the relative freshness of their mor- 
phology. On the other hand, the intensely eroded ash-grey glacial deposits 
(skeletal moraines) around Zebak and in the Warduj valley can be referred 
to Middle Pleistocene glaciation. Taking into account that this glaciation 
correspond to a greater expansion of the glaciers than that of the suc- 
ceeding one, it is reasonable to place the front of the Zardew glacier beyond 
the moraine which blocks the entrance to the Baharak basin. 

As discussed on page 369 it is considered therefore that the moraines 
of Dasht-i-Feraq and Furmoragh, represent the remains of a terminal mo- 
raine which was deposited by the Zardew glacier during the greatest gla- 
cial expansion. 

It is not possible to say with certainty which are the corresponding gla- 
cial deposits in the Warduj valley. In fact it does not appear that this val- 
ley was ever entirely occupied by a great glacier during the Pleistocene. 
The deposit which actually blocks the entrance to the Baharak basin is not a 
moraine but is formed, as we know, at least at the surface, of landslide ma- 
terial (see page 361). 

But this is not a problem because the glacial deposits are numerous up- 
stream in the Warduj valley and it would be difficult to preserve a termi- 
nal moraine in a valley with a narrow floor, not to mention that among the 
moraines seen in the valley more than one seemed to be a possible frontal 
moraine partly destroyed by streams. Only more accurate research, espe- 
cially on the petrographic nature of the component material of the various 
glacial deposits, can clarify this problem definitively. In any case, the ter- 
raced moraines 150-200 m above the present valley floor and the skeletal 
moraines are referable to the older glaciation of the Middle Pleistocene. 

It still remains to determine to which glaciation the presumed wea- 
thered moraine, mentioned as occurring near the lower end of the upper 
Shiwa valley, belongs (page 350). Can it be assigned to the Early Pleistoce- 
ne expansion or to a still older glaciation? 

Considering its state of weathering, which was not encountered 
anywhere in the ash grey moraines, it seems that the latter hypothesis is 
probably the most acceptable. 

The terminal moraine of Lake Shiwa and those around Zebak have still 
to be correlated using spore and pollen analyses. From determinations of 
the corresponding altitudes of the snowline it appears that the glacial phe- 
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nomena are later than those previously considered and classified chronologi- 
cally by the Russian authors. 

They must therefore be attributed, as already done, to one of the post- 
glacial stages. 

To summarize the data presented above in the light of the palynologi- 
cal data of the Russians and our research, in Central Badakhshan there are 
remnants of two glaciations which can be referred to the Middle and Late 
Pleistocene. To the latter can be referred the terminal moraine which clo- 
ses the mouth of the Zardew valley in the Baharak basin and those that oc- 
cur near the mounths of some tributary valleys of the Warduj. 

To the earlier glaciation can be attributed the skeletal moraines (ash- 
grey moraines) especially widespread near Zebak and in the Wardyj valley, 
but probably present elsewhere. The moraines situated downstream from 
the Zardew terminal moraine on the floor of the Baharak basin can be re- 
ferred to this glacial expansion which was probably the greatest. These mo- 
raines may represent the remains of an old terminal moraine. 

The moraines occurring at higher elevations like those of Lake Shiwa 
and around Zebak may represent post-Glacial deposits. 

Throughout this discussion no attemp has been made to consider the 
deformation the area could have suffered during the Pleistocene and above 
all the uplift that various data suggest was important. 

The problem is not new and numerous Russian authors have discussed 
it in the neighbouring Pamir and Tadzhikistan (Nrxonov, 1971, 1972). Our 
rapid survey of the glacial deposits of Badakhshan is insufficient for a so- 
lution to be found to this problem. 


7. POST-GLACIAL STADES IN BADAKHSHAN. 


The deposits and glacial traces located between the lower moraines 
just mentioned and the present day glaciers will be discussed. 

The glacial deposits of the Lake Shiwa and Zebak which were laid 
down during a recession phase of the largest glaciers, were mentioned 
above. This stade is marked by a lowering of the snowline of about 680 
m for the first, and of 558 m for the second with respect to the present day 
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snowline. GrorzBacH & RATHJENS mentioned two stades with lowering 
of 800 and 500 m respectively. As already mentioned on page 401 the 
Zebak stade could correspond to the Ramayel stade of the two above men- 
tioned authors, while the data relative to Salang stade appears to be less 
comparable with ours although the two areas are 300 km apart in a direct 
line and there are two degrees of latitude between them. 

This problem will be discussed latter and the altitudes of other pauses 
during the retreat of the Pleistocene glaciers will be examined. 

In the Lake Shiwa area a frontal morainic arc dams the Ab Kotal valley 
at about 3400 m, that is 300 m higher than the lake and higher than the 
presumed height of the glacier front during the previous phase. It is as- 
sumed, therefore, that this moraine marks another pause during the retreat 
of the glacier. This moraine is 800 m lower than the front of the nearby 
Astan glacier, therefore it is probable that between the two elevations there 
are other frontal moraines. Investigations of this problem were not car- 
ried out in the Lake Shiwa region but other data, both ours and of other 
authors, concerning the surrounding regions are available. 

As already mentioned, glacial deposits are present in the Kurkhu valley 
700 m below the end of the present day glacier and well marked terminal 
moraines are present at 3600 m, that is 300 m below the front of the present 
day glacier. In the upper Agqshira valley, close to the Kurkhu valley, 
there are glacial deposits also at 3100-3200 m, that is at about 900 m below 
the front of the present day glacier. It is assumed that the lower moraines 
both in the Kurkhu and Aqshira valleys represent moraines of a stade evi- 
dently more recent than that of Shiwa and corresponding to that of the Ab 
Kotal in the Lake Shiwa area. The differences in height are dipendent ob- 
viously on the orography. The terminal moraines 300 m lower than the 
fronts of the present day glaciers and other moraines between these and the 
fronts which can represent the oscillations of the fronts of the present day 
glaciers during historical time, remain to be examined. 

In this connection it must be remembered that in the Khwaja Muham- 
mad group also, at 300 m below the fronts of the numerous present day 
glaciers, according to GrorzpacH & HiLiesranpt (1964) there are more 
or less well preserved remnants of terminal moraines and others still higher 
to within a short distance of the present glacial fronts. Other terminal mo- 
raines having similar positions were reported by GrotzpacHh & RATHJENS 
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(1969) also in other parts of the Hindu Kush, like that of Salang, and by Mir. 
waLp & RoeEMER (1967) in Wakhan. This coincidence of data demonstrates 
that this phenomenon is of a general character for the whole Badakhshan 
area. Therefore it can be assumed that further investigations could reveal 
the presence of a series of terminal moraines up to 300 m below the present 
day glacier fronts. This is true not only in other valleys, but also on the 
thresholds of the cirques which are free of ice at the present time, but 
which are close, as far as altitude is concerned, to the present-day snow- 
line. 


8. THE LOESS IN CENTRAL BADAKHSHAN. 


In the region examined loess occurs extensively in the mountains and 
it has been necessary to omit some of the outcrops on the enclosed geolo- 
gical map in order to indicate clearly the geology of the area. 

Loess is commonly present in the central part of the area investigated 
on the high mountainous plateau between 2000 and 3000 m. Smaller 
outcrops occur at greater altitudes and are reduced in size and thickness 
towards the east and west. Wide areas of loess mask the underlying rocks 
and the irregular surface giving rise to gently rolling countryside. 

The deposits are fine-grained, generally silty or argillaceous, yellowish 
or greyish in colour and ranging in thickness from a few to as much as 
thirty metres. Generally they are not stratified, but occasionally show traces 
of stratification. 

The loess is considered by us to be in part an eluvial deposit blown by 
the wind, and therefore eolian, and in part remouved by rain wash and 
transported and deposited by washing water. Therefore it is partly also a 
colluvial and an alluvial deposit. 

As far as the age of the loess is concerned, the deposits overlie all the 
sedimentary formations in Central Badakhshan including the youngest, the 
Kokcha Formation of Late Cenozoic age. No loess was found on the Ta- 
luqan gravel or on the moraines deposited during the last Pleistocene gla- 
ciation. Loess deposits up to 35-40 metres thick overlie the highest allu- 
vial terraces on the Kokcha river. 
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In the area investigated it is considered that the loess was deposited 
mainly prior to the last glacial expansion under semi-arid, steppe-like cli- 
matic conditions. It was best developed in the areas surrounding the gla- 
ciated part of Badakhshan. The loess was probably removed from that 
area by aeolian processes and redeposited over a wide area. 

These conclusions have been obtained as a result of the limited field in- 
vestigations carried out by our expedition. 

The loess of northern Badakhshan has been studied in detail recently 
by A. A. Nixonov (1971a) who used the results of wells drilled in the 
area. The loess deposits have been grouped by Nikonov into two groups, 
those of the river valleys, those of the foothill slopes and watersheds. The 
stratigraphic position of the loess formations, which frequently reveal clear 
stratification, seems to be clearly defined in the Pleistocene succession which 
infills the old valley system. They occur in the upper part of these sequen- 
ces and are underlain first by sand and then by pebble beds with maxi- 
mum thickness of 120 and 170 m respectively, while the loess does not ex- 
ceed 50 m. 

Among the north Afghanistan loess deposits three types have been distin- 
guished, alluvial, proluvial-diluvial and aeolian deposits. All these deposits 
can be correlated chronologically with the two glaciations in the Middle and 
Late Pleistocene. The latter may also be derived in part from reworking of 
older loess deposits. 

Spore and pollen analyses suggest that the loess accumulated in an arid 
environment similar to the present conditions. At least a part of the loess 
was transported and deposited by glacial melt waters. The smaller thick- 
ness of the Late Pleistocene loess relative to that of the Middle Pleistocene 
is the result of the limited expansion of the glaciers in Badakhshan during 
the Late Pleistocene when compared with the Middle Pleistocene. The 
most recent horizons can be attributed to the loess accumulation in the 
mountainous areas probably formed as a result of wind action. 


Data on one of the loess regions in Asia, e.g. the Shansi (China) should be re- 
membered here. 

According to detailed investigations carried out by Liu TUNG-SHENG & CHANG 
TSUNG-HU (1964), the loess, which is generally called huangtu (yellow earth) in Chi- 
na, includes both typical loess and loess-like deposits. The former is mainly ori- 
ginal loess, while the latter, generally more or less modified or locally redeposited, 
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may or may not be interstratified with other deposits. According to the above au- 
thors there are in the type area of Shansi four different kinds of huangtu ranging 
in age from Early Pliocene to Late Pleistocene. These different types can be distin- 
guished using fossils (palynomorphs and mammals), their colour, lithology and the 
presence of unconformities and old soil horizons. 

The total thickness of the type sequence is 121 m, but in other areas it can 
attain 175 m. 

Both author record moreover that the huangtu is widely distributed a higher 
altitudes on the western and northern rather than on the eastern and southern 


slopes. Furthermore, it is thickest on the westerly facing rather than the easterly 
facing slopes. 


According to C. Hinrze (1964) in Kataghan the north facing slopes 
are covered with a greater thickness of loess than the southerly facing slopes. 
This feature was not seen in the area studied. Loess occurs on the higher 
slopes of the hills but not on the highest. The thickest loess cover is pre- 
sent in the depressions. Detailed research into this aspect of the loess was 
not undertaken by us. 
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NOTICE 


The printing of the present volume required nearly three years and during this 
long time some new publications concerning our area appeared. Others, published 
previously, were received with long delay during the correction of the proofs. For 
these reasons we were able to take only some of them into account introducing few 
lines within the proofs. We record here the most important of the above mentio- 
ned reports. 

An asteric marks the works which are mentioned within the text. 
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(1) Some data have been introduced within the last proofs. 
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Fig. 1, 


Rock-salt mine near Kalafghan 
(Phot. Desio). 





Fig. 2. - Salt and gypsum outcrops near Kalafghan (Phot. Desio). 
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Fig. 1. - Type section of the Cretaceous Mohammed Aba-Sandstone (Phot, Desio) 
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Fie, 2. Red of ovsters (Fatina beldersaiensis romanowskii Bohm) in the level 6 of the Ambar Koh type- 
section (Eocene: Turkestan stage) (Phot, Martina). 
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(Tah Jari Member) of the Kokcha Formation near Bluti. (Phot. Desio). 





Fig. 2. - Beds of conglomerate of the Kokcha Formation between Faydzabad and Artin Jelaw (Phot. Desio). 
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Fig, 2. - Pegmatite dykes within the amphibolite near Sum Darrah (Phot. Desio). 
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View of the mountain ridge above the village of Arakht composed of the migmatite complex. On th 


foreground the end moraine on the threshold of the Shiwa cirque (Phot. Desio) 
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Fig. 1. - The spur at the junction of Deh Gol with the Sanglich valley, near Zebak. The saddle in the spui 


marks the mylonite outcrop along the Zebak-Munjan Fault (Phot. Desio). 
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Pig ‘ Erosional morfology in the granodioritic mylonite near Zebak (Phot. Desio), 
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The Lake Shiwa (Phot. Desio). 





A. Desto - Geology of Central Badakhshan PLATE XI 


The moraine dammi the outlet of the Zardew valley (Bakarak moraine) seen from upstream. 
the right side the gorge of the river (Phot. Desio). 


moraine of the outlet of the Zardew valley from the top to the left hand slope of the valley 
(Phot. Desio). 
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Moraine t of Gul Khana in the Warduj valley near Zebak (Phot. Desio). 


- The outlet of the Warduj valley from upstream and the landslide deposit (on the right in 
background) (Phot. Desio). 
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rocky hill with the moraines and the terraces of Dasht-i-Feraq. From a hill SW of Furmorah 
(Baharak). (Phot. Desio). 
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Fig. 1. - Mounds of glacial drift on the Dasht-i-Ferag terrace (Baharak), (Phot. Desio). 





Cie 9% 2. A morainic hill NW of the villace Dasht-1-Ferag (Baharak). (Phot. Desio). 
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Fig. 1. - The arcuate of drift mounds of the Kol Dast plain from a hill SW of Furmoragh (Baharak), The 
outlet of the Furmoragh valley in background (Phot. Desio). 





Fig, 2, - The hills made up of gravels in the neighbourhood of Kalafgan (Phot. Desio). 
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A. PALAEONTOLOGICAL APPENDIX 


1, MICROPALAEONTOLOGICAL NOTES ON SOME CRETACEOUS-EOCENE SEC. 
TIONS IN NORTH-EASTERN AFGHANISTAN (’). 


1.1. Introduction. 


In the following pages the results of the micropalaeontological investi- 
gations carried out on the material collected during Desio’s scientific ex- 
pedition in 1961 will be briefly exposed. 

For each section surveyed and sampled the succession of microfacies 
and/or of isolated assemblages is described, and a short account on their 
chronological and ecological significance is given. 

Finally, a correlation between the different sections based on_ their 
micropaleontological content and/or their microfacies is attempted. 

The horizons yielding stratigraphically significant foraminifera are un- 
common, therefore a detailed biostratigraphical subdivision is impossible. 

The micropaleontological papers concerning the area here considered 
are scanty. We remember DE Cizancourt (1938), who described Upper 
Cretaceous levels with Orbitocyclina minima from Taliqan; Crra and Rv- 
SCELLI (1959) who figured Cuneolina and Dicyclina bearing levels of Ceno- 
manian—Turonian age from Pull-i-Khumri section described in a report of A. 
Desio (1960). In the same report other microfossils (Cibicides, Polymor- 
phinae, Globotruncana ?, Ticinella ? etc.) of the same age are mentioned for 
the first time in a section in the same Gurguri valley (Panjao), in an other 
section near the lakes of Band-i-Amir, and on the Band-i-Kataghan, between 
Pull-i-Khumri and Kunduz. 


(1) By M. B. Citta & I. PREmozi SILva. 
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In this area also Oligocene microfossils are mentioned by Desio ('). Dr. 
LapparENT (1963) found Orbitoides and Siderolites from the Kamhard Valley. 
Vitta (1961) illustrated some microfacies of samples collected in the neigh- 
bourhood of Ishpushta and Barfaq, considered of Paleogene age. 

A number of studies dealing with the region near Kabul and south of 
it appeared in the last few years, due to various members of the German 
Geological Mission to Afghanistan. Particularly Werrerr (1964) described 
the Paleogene succession near Doab, south of the area considered here. He 
gave lists of foraminifera from different levels, referred to the Lower, Middle 
and Upper Eocene. GasBert (1964) described the Mesozoic Karkar 
section near Pull-i-Khumri, which was also the object of a paper by Desio, 
Cita and Premott Siva (1965); Kaever (1965 b) in a paper dealing with the 
Cretaceous-Tertiary boundary in Northern Afghanistan describes with some 
details the area south of Ali Abad, where one of the sections here consi- 
dered has been measured. Both planktonic and benthonic foraminifera are 
recorded, of Palaeocene, Lower and Middle Eocene age. 

Weiprenrt (1968) describes the lithostratigraphic succession of some Me- 
sozoic sections here considered, as for instance the Pull-i-Khumri section, 
but gives no details as to the fossil successions. 

More interesting in the ligth of a stratigraphic and paleogeographic 
interpretation are some papers by Russian authors, which however do not 
deal, usually, with the Afghan territory. 

Among these, a paper by SoLun and CuEpov (1963) illustrates the stra- 
tigraphic succession at Tashkurghan, one of the sections here considered. 

As stated in the geological section of the present volume, all of the sec- 
tions here described, during the Lower Tertiary, were belonging to the Up- 
per Amu Darya Depression, therefore the stratigraphic schemes given for 
the region north of Amu Darya may be followed also for the area situated 
at the south of the river, in Northern Afghanistan. 

According to Bykova (1958, 1959), So.um & CueEpov (1963), Morozo- 
vA, KreypENKov & Davipson (1965), ViaLov, NepeLKu & Niza (1966) etc., 
the stratigraphic succession of the Upper Amu Darya Depression is sum- 
marized in the table 6. 

The subdivision adopted by Byxova (1953) has been compared with 


(1) The microfossils are determined by F. VILLA. 
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TABLE 6 - Tentative correlation between different biozonations uscd by Russian authors and the standard 

(tropical) zonation for the aPlacocene and Eocene jnterval. 

Column 1: lithostratigraphic subdivisions uscd in Tadhzikistan; 

Column 2: main megafossils present in the different units (after Morozova et al. 1965 and SoLuNn and Citepov, 1963); 

Column 3 and 4: micropaleontological successions (zones and assemblages) recognized by Byxova (3) and Moro 
zova et al, (4) in Tadhzikistan; 

Column 5: Dips raligraphy of Palaeocene and Eocene of Caucasus based on planktonic foraminifera, after Sus 
DOTINA ; 

Column 6: Standard tropical zonation based on planktonic foraminifera (after Bott 1966, emended); 

Column 7: Ages. 
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the more recent one by Morozova, Kreypenkov & Davipson (1965) in order 
to point out that the Acarinina tadjikistanensis Zone, referred by Byxova to 
the Suzak beds, is considered by Morozova et al. (1965) as the tompost zone 
of the Bukhara beds. Bratasn, Kuasina & Suutsxkaya in a short note pu- 
blished in 1968 discuss the age of the Bukhara beds outcropping on the 
south side of the Upper Amu Darya Depression, on the basis of their fora- 
miniferal content. Their results are, generally speaking, in good agreement 
with ours with some minor differences: in fact, their faunas are apparently 
richer and more diverse, also including keeled globorotalias (namely G. ve- 
lascoensis) which are lacking in our material. The fauna comes from a stra- 
tigraphic unit comprised in between the Tabakcha and Aruktau horizons; 
this horizon is called of « Tama Kuduk » (clay formation), has a thickness 
of about 40 m and is considered of limited geographical extent. 

It might be the stratigraphic expression corresponding to the hiatus gen- 
erally observed in this area above the Tabakcha horizon. The unconform- 
ity indicated in between the Tabakcha and Aruktau horizons, however, 
suggests that the sedimentary succession is interrupted. Moreover, some of 
the taxa recorded are mutually exclusive, as Globorotalia velascoensis and 
G. ehrenbergi or G. angulata, which should indicate that the older forms 
are reworked. 

Finally, Premott Sitva (1970) describes and illustrates the foraminife- 
ral faunas here treated. Therefore, reference is made to this paper for pa- 
leontological documentation. 


The sections here considered range from the Lower (?) Cretaceous to 
the Eocene and will be described in the following order: 

1 - Qara Tut section and Archa Kotal outcrop, 

2 - Baba Darwes section and Mohammad Aba outcrop, 

3 - Farkhar section, 

4 - Pull-i-Khumri_ sections, 

5 - Barfaq section, 

6 - Ambar Koh section, 

7 - Ali Abad section, 

8 - Tashkurghan section. 

The first five sections follow one another in the direction NE-SW, and 
are situated along the outer margin of the sedimentary basin (Upper Amu 
Darya Depression). The last three are located west of the preceding ones, 
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as may be seen in text-fig. 27 page 147) and belong to the middle part of 
the basin, where Tertiary sediments are prevailing in outcrop. 

Further information about the micropalaeontological content of the con- 
sidered sections and a thorough description of the species of foraminifera 
classified, will be found in the volume dedicated to the Paleontology of 
northeastern Afghanistan (PREMOLI SiLva, 1970). 


1.2. Qara Tut Section. 


This section surveyed and sampled by A. Desio underlies the Baba 
Darwes section and consists mostly of sandstones and/or conglomerates; 
the microfacies are always barren and almost useless for correlation. The 
total thickness is of about 375 m and the studied samples are 11 (see fig. 
12, page 77). 

From bottom to top we found: 

61 AD-48/1 - Orthoquartzose sandstone with clastics of different size, more 
or less rounded. The dominant constituent is quartz. Minor consti- 
tuents are turmaline, zircon, muscovite, sericite, iron-ore, etc. 

61 AD-48/2 - Quartzitic sandstone similar to the preceding one, in terms 
of components and texture (see Pl. 1, fig. 4). 

61 AD-48/3 - Quartzose siltite with clavey cement. Minor constituents are 
chlorite, muscovite, sericite, turmaline, zircon, iron-ore, etc. 

61 AD-48/4 - Minute quartzitic sandstone containing moulds of plants, rare 
mica flakes, iron-ore, zircon, ete. 

61 AD-48/5 - Conglomerate consisting chiefly of quartz elements, lithic 
fragments and sericite. Subordinately of muscovite, zircon, iron-ore, 
etc. 

61 AD-48/6 - Quartzose coarse-grained sandstone. Principal constituents are 
quartz, feldspar, muscovite, chlorite, lithic fragments. Minor constit- 
uents: turmaline, zircon, calcite, iron-ore, etc. 

61 AD-48/9 - Fine-grained sandstone consisting chiefly of quartz, feldspar, 
muscovite, lithic fragments. Minor constituents: zircon and iron-ore. 
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61 AD-48/11 - Compact micrite crossed by numerous crystalline calcite 
veins and containing numerous elongated crystals (geminated) some- 
times branched, which possibly represent autigenous anhydrite crystals 
secondarily substituted by calcite (see Pl. 1, fig. 3). 

61 AD-48/18 - Medium-grained sandstone. Principal constituents are quartz, 
feldspar, calcite. | Minor constituents: chlorite, sericite, iron-ore. 

61 AD-48/ 18 a - Sandy biosparite abundantly recrystallized, partly dolomi- 
tized, containing rhombohedral crystals of dolomite. Quartz grains, glau- 
conite, iron-ore are also present. The organic content is given chiefly 
by gastropodes and fragments of echinodermata. 

61 AD-48/18 b - Sandy, fossiliferous biosparite. The quartz granules are 
partly inside the oolites, partly in the cement. The organic content 
consists of molluscan shells, fragments of echinodermata and of bryo- 
zoa; rare small foraminifera, echinoid spines and also probable articles 
of Saccocoma may be observed inside the oolites. 


The described succession mainly consists of detrital sediments: the only 
calcareous level (61 AD-48/11) is quite different from all the limestones ana- 
lyzed in the present study and cannot be correlated with them. 

We point out that, as far as we can judge after the samples we were 
able to examine, the lower part of the section (levels 1 to 4 included), for a 
thickness of about 309 m is characterized by orthoquartzites or quartzitic 
sandstones in which the largely dominant component is quartz, while the 
middle and upper part of the section consists of less elaborated sediments 
(sandstones rich in feldspar and/or lithic fragments). 

A chronological determination is impossible, due to the lack of any sig- 
nificant fossil. 


ArcHA Kotat outcrop. At Archa Kotal E. Martina collected two 
samples which correspond to the basis of the Qara Tut section. 


61 AE-77/1 (the lower one), is represented by an oo-biosparite with mol- 
luscan fragments (gastropodes, probable Ostreae), echinodermata, cor- 
als, rare Miliolidae etc. Some fragments of glauconite are also pre- 
sent. 

61 AE-77/2 - Recrystallized biosparite with molluscs, bryozoa, echinoder- 
mata and Dasycladaceae (?). Glauconite is rare. 
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1.3. Baba Darwes Section. 


This section, characterized by prevailing limestones, has been surveyed 
and sampled in 1961 by A. Desio (see fig. 12, page 77). We could examine 
11 samples, all of them in thin section except the clayey level 2, which has 
been washed. We do not described here the isolated samples coming 
from the same area, though richly fossiliferous and interesting for chronolo- 
gical purposes, but we shall conside: them later. 


From bottom to top, we found: 

61 AD-30/2 - Washing residue abundant, given for the greatest part by in- 
disgregated fragments of grey marly limestone with gypsum and iron- 
ore. No organic content. 

61 AD-30/8 - Oo-intrasparite with oolites partly destroyed. The organic con- 
tent is poor and consists of minute molluscan and echinodermata frag- 
ments. Foraminifera are rare (Lituolidae, Ophtalmidiidae) (see fig. 1 a). 

61 AD-30/6 - Bio-intramicrite partly recrystallized, passing to intrasparite 
with various organic fragments, rounded and partly oolitized. Mollus- 
can fragments, probable Dasycladaceae, planktonic foraminifera (Hed- 
bergellae), Stomiosphaerae, Rotalina (?), etc. are present. 

61 AD-30/3 - Impure bio-intramicrite locally recrystallized, with abundant 
molluscan debris, calcareous algae, rare ostracodes, arenaceous forami- 
nifera: Cuneolinae, Dicyclinae, Haplophragmoides, Ophtalmidiidae, Mi- 
liolidae, etc. (see Pl. 1, fig. 2). 

61 AD-30/9 - Fossiliferous micrite with abundant quartz clastics, fragments 
of mollusks among which rudists, Cuneolinae, Miliolidae, rare frag- 
ments of Dicyclinae, rare Rotaliae, etc. 

61 AD-30/4 - Recrystallized bio-intrasparite rich in crinoid remains (encri- 
nite), with abundant bryozoa and molluscan fragments. Foraminifera 
are rare, mostly with arenaceous tests: Lituolidae among which Haplo- 
phragmoides greigi (Henson), Cuneolinae, Rotaliidae. Rare Calcisphae- 
rulidae (Stomiosphaera) are noticed too. 

61 AD-30/10 - Biosparite rich in fine molluscan debris, Melobesiae with 
well preserved structures, arenaceous foraminifera, Rotaliae ‘Teh 

61 AD-30/7 - Impure, fossiliferous intrasparite with badly preserved orga- 
nogenic content, including bryozoa, molluscan fragments, Melobesiae, 
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Miliolidac, Haplophragmoides, Cuncolinae and Dicyclinae possibly re- 


worked. 
61 AD-30 - Bio-intra-microsparite with detrital quartz, containing bryozoa, 
Rotaliae, orbitoida) foraminifera including Orbitoides media, etc. Isolat- 


ed embrios of orbitoids are frequent in the section (see fig. 2a). 





Fig. 2a - Thin section from level 61 AD-30. Baba Darwes Section, Campanian. Maastrichtian. - 
Bio-intramicrite with detrital quartz, containing bryvovoa. Melobestac, various organic debris 
and (at the centre) Orbitotdes media (bD'ARCHIAC) in axial section, » 30. 


61 AD-30/3' - Sandy foraminiferal bio-intramicrite rich in brvozoa and Me- 
lobesiae. Foraminifera belong to the genera Omphalocyclus, Sideroli- 
tes, Orbitocyclina (with O. minima (Douvillé)) and Rotalia (very large 
specimens) (see Pl. 1, fig. 1). 

61 AD-30/5 - Bio-intramicrite with detrital quartz, yielding fragments of dif- 
ferent shells, bryozoa, Rotaliae and orbitoids in fragments, badly pre- 


served. 
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The Baba Darwes section is not figured in the log because the relative 
thickness of the various levels has not been measured in detail. The sect- 
ion is interested by faults (see page 76). 

The micropaleontological content of this section is the most interesting 
from a stratigraphic as well as paleoecological standpoint. 

From bottom to top we recognized: 

a level with planktonic foraminifera; 

a level with Cuneolinae and Dicyclinae; 

a level with Orbitoides media; 

a level with Orbitocyclina minima, Omphalocyclus and Siderolites. 

The level with planktonic foraminifera immediately overlies the oolitic 
limestone and shales and indicates a marked transgression of the Creta- 
ceous sea. In terms of chronological significance, the assemblage surely indi- 
cates a Cretaceous age. The only genus represented is Hedbergella (Glo- 
bigerina auctorum) while Rotalipora and Praeglobotruncana are totally ab- 
sent. The dimensions of Hedbergellae are small, and their evolutionary 
stage rather primitive, therefore one should conclude for an uppermost Low- 
er Cretaceous (Albian ?) age. The absence of the cited more evolved 
planktonic genera might be due to ecological more than to chronological 
factors (indeed the sediment is rather coarse-grained and also the organic 
content is not typical for the pelagic environment). Therefore we cannot 
exclude a Cenomanian age for this level. 

The level rich in Cuneolinae and Dicyclinae contains also a rudist typi- 
cal for the Cenomanian: Ichtyosarcolites triangularis DEsManest, and both 
foraminifera and rudist indicate the same age. 

The last two levels, more recent in age, are attributable to the Campa- 
nian-Maastrichtian. According to Van Hinre (1966), we believe that the as- 
semblage with Orbitoides s.s. is slightly older than the level with Orbitocy- 
clina minima. 

In conclusion, an attribution of the first (lower) two levels to the Al- 
bian-Cenomanian and of the topmost ones to the Maastrichtian is well docu- 
mented. However, we have no indications of the stratigraphic interval in- 
termediate between the two. Therefore a hiatus corresponding to a large 
part of the Turonian and Senonian succession is advanced as a working hy- 
pothesis. 

Sample 61 AD-30/7 may be interpreted as corresponding to the trans- 
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gressive horizon, including fragments of fossils belonging to the underlying 
Cenomanian-Turonian formation. 

The entire Baba Darwes section is composed by limestones indicating 
a sublittoral and/or littoral marine environment. Oolites are common in 
some levels, and a certain detrital amount is present throughout the section. 
The only pelagic organisms noticed are Stomiosphaerae and Hedbergellae. 
represented by fairly numerous specimens in levels 61 AD-30/4 and 61 AD- 
30/6. Though associated with an assemblage of bryozoa, mollusks, imper- 
forated foraminifera which indicate a shallow water environment, their pre- 
sence demonstrates a pelagic influence in the deposition, prior to the typical- 
ly littoral sedimentation of the Maastrichtian (orbitoidal limestones). 


MoHAMMapD ABA outcrop. Near Mohammad Aba Deswo collected and 
described samples from two joint levels belonging to the lowest part of the 
Baba Darwes formation. 


61 AD-34/2, the lower level, is characterized by a fine-grained sandstone 
with clayey matrix. Glauconite is frequent. The organic content con- 
sists of sponge spicules, rare molluscan fragments and small planktonic 
foraminifera (Hedbergellae) (see fig. 3 a). 
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Fig. 3a - Axial or subaxial (a-e), equatorial (f) and oblique (g-l) sections of small Hedbergel- 

lae contained in sample 61 AD-34/2 from the Mohammad Aba outcrop. Due to the small size 

and to the low evolutionary stage of the planktonic foraminifera, the age of this level, 
which underlies the Cuneolinae-bearing one, is probably Albian. 


61 AD-34/1, the upper level, is a biomicrite with Cuneolina pavonia parva, 
Dicyclina schlumbergeri and arenaceous forms (Haplophragmoides, 
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Pseudotextulariella sp., etc.), Miliolidae,.molluscan and bryozoan frag- 

ments. 

Among the megafossils collected in the upper level we remember Gry- 
phaea vesicularis and Actaeonella cylindracea, which indicate a Cenoma- 
nian-Turonian age, in agreement with the age indicated by the foraminiferal 
assemblage. The same superposition of the Cuneolina and Dicyclina bear- 
ing beds to the level with small Hedbergellae occurs as observed in the Ba- 
ba Darwes section. 


CHENAR-I-GUNJESHKAN Pass outcrop. North-west of Baba Darwes a 
sample 61 AD-35/1, which may be correlated with the topmost part of the 
Baba Darwes section is characterized by a biosparite with Orbitocyclina mi- 
nima and bryozoa. Orbitoids, Omphalocyclus, Rotaliidae, Melobesiae, mol- 
luscan fragments etc. are also present (see Pl. 5, fig. 4). The age of the as- 
semblage is Maastrichtian, as indicated by the joint presence of the genera 
Orbitoides, Omphalocyclus and Orbitocyclina. 


1.4. Farkhar Section. 


This section, the thickness of which is of about 265 m, has been mea- 
sured and samples by Martina in 1961 (see fig. 5, page 48). 

The micrographic characters observed in the thin sections obtained from 
the eight rock samples analyzed, and the two washing residues are as fol- 
lows, from bottom to top: 

6] AE-87/4 - Sandy microsparite, partly dolomitized, with very rare arena- 
ceous foraminifera. 

61 AE-87/5a - Fossiliferous intramicrite with molluscan fragments, fila: 
ments, and very rare arenaceous foraminifera. 

61 AE-87/5b - Thin sections obtained from the following sample were 
strongly different from one another. We observed: 

a) red oosparite with molluscan shell fragments, echinoid spines and plates, 
bryozoa, some detrital quartz outside and inside the oolites, which are 
strongly irregular in shape and size, and some alterated glauconite (see 


Pl. 2, fig. 4). 


b) 
c) 
61 


61 


61 
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fossiliferous intramicrite very rich in bryozoa (see PI. 2, fig. 3). 
biomicrite very rich in shell fragments (probably Ostreae), with abun- 
dant detrital quartz in small sized granules. 

AE-87/6 - Pelletiferous micrite with dark melted oolites and very small 
crystals of dolomite. The organic content is given by thin calcitic fila- 
ments, small ostracods and rare Miliolidae. 

AE-87/7 - Washing residue poor, composed by arenaceous fragments, 
abundant, transparent and/or milky gypsum crystals, calcite, without any 
organic content. 

AE-87/9 - Oosparite with molluscan fragments, echinoid spines, forami- 
nifera (Lituolidae, Glomospira, Ophtalmidiidae, see fig. 4a) often observed 
inside the oolites. 





Qamm 


Fig. 4a - Sections of Ammobaculites (a, b, f, g), Haplophragmoides (c, d, i, 1), Ophtalmidium 
(m) and Glomospira (n) from sample 61 AE-87/9 of the Farkhar section. It is impossible to 
give a precise age assignement to this sample, which is surely pre-Albian since it underlies 


61 


61 


lev. 61 AE-87/11 (see Fig. 5). 


AE-87/10 - Washing residue almost entirely constituted by rounded lami- 
nae and crystals, some of which geminated, of gypsum, mostly transpar- 
ent, with rare arenaceous grains, barren. 

AE-87/11 - Fossiliferous micrite with quartz grains and some dolomite 
crystals. The organic content is given by fragments of mollusks, echi- 
noid spines, fairly abundant small planktonic foraminifera (Hedbergellae, 
among which H. delrioensis (Carsey) (see fig. 5a). (See also Pl. 2 fig. 2). 
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Fig. 5a - Avial and/or subaxial (a-l, o-r), oblique (m, s) and equatorial (A-N) sections of 

Hedbergellae. Specimens represented in D, G, N may be referred to Hedbergella delrioensis 

(CARSEY), which ranges from the Albian to the Cenomanian. Farkhar section, level 61 AE- 
87/11. 


61 AE-87/12 - Biomicrite passing to fossiliferous micrite with molluscan 
fragments and echinoid spines, abundant Cuneolinae and Dicyclinae, 
particularly Cuneolina pavonia parva and Dicyclina schlumbergeri, Li- 
tuolidae, Valvulinidac, Miliolidae, etc. (see Pl. 2, fig. 1). 

61 AE-87/13 - Poorly washed biosparite with molluscan fragments (partly 
belonging to the rudists), abundant Cuncolinae, Dicyclinae, Miliolidae 
and Lituolidae: particularly Haplophragmoides cf. greigi, Cuneolina pa- 
vonia parva, Dicyclina schlumbergeri. 


The micropaleontological content of this section is very interesting from 
a stratigraphic as well as paleoecological standpoint in its upper part, where 
two levels are well characterized; the former with planktonic foraminifera, 
the latter with Cuneolinae and Dicyclinae. 

The level bearing planktonic foraminifera immediately overlies the eva- 
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porites and indicates a marked transgression. Though rich, the assemblage 
yielded only one form identifiable at a species level: Hedbergella del- 
rioensis (CarsEy), which ranges from the Albian to the Cenomanian. The 
lack of more evolved planktonic foraminifera suggests an Albian age for 
this level, which stratigraphically underlies the Cuneolinae and Dicyclinae 
bearing level, of Cenomanian-Turonian age. 


1.5. Pull-i-Khumni Sections. 


This section is composed of: a lower part (a) 80 m thick, an upper part 
(b), partly overlapping the preceding one, 170 m thick (see fig. 19, page 108). 

The survey of the Pull-i-Khumri sections has been done by Martina in 
1961; the same section had been previously described by Desio (1959) and 
some news about its micropaleontological content may be found in a note by 
Cita & RusceLut (1959). 32 rock samples have been submitted to a micro- 
paleontological research, 26 of which were studied in thin sections, the re- 
maining 6 as washing residues. 


From bottom to top, we found: 


SECTION A. 


61 AE-97/3 - From a cross-bedded sandstone we obtained an abundant 
washing residue consisting of quartz grains, frequently rounded and im- 
pure, more rarely hyaline, rare oxydated fragments, gypsum laminae, cal- 
cite crystals etc. No organic content. 


Dd 
_—! 


AE-97/5 - Washing residue consisting of more or less oxydated calcite 
grain, quartz, often hyaline, indisgregated calcitic and quartzose grains. 
Barren. ; 

61 AE-97/6 - Washing residue given by small-sized gypsum crystals agglu- 
tinated by means of a red marly (?) matrix and containing besides fre- 
quent laminae and crystals of gypsum, rare fragments of iron-ore and 
calcite crystals. No organic content. 

AE-97/7 - Sandy oosparite passing to orthoquartzite cemented by spari- 
tic calcite with oolites. The texture is very fine, since the average size 
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of oolites and of quartz grains is of about 0.5 mm. The organic con- 
tent is scattered and cannot be surely referred to any group of organ- 
isms, being reduced in small unrecongizable fragments (see PI. 4, fig. 4). 
This microfacies perfectly corresponds to that of sample 61 AE-95/1, 
belonging to section B, thus enabling us to establish a correlation be- 
tween the two sections. 

AE-97/8 - Orthoquartzitic sandstone, with calcareous (microsparite) ce- 
ment, with oolites, rare molluscan shell fragments (Ostreae ?) and very 
rare foraminifera. 

AE-97/9 - Dolomitized biosparite containing clastics of quartz and of 
partly alterated glauconite. The organic content consists of molluscan 
shells, echinoid spines and plates, bryozoa. 

AE-97/10 - Sandy and oolitic biosparite. The quartz is present also in- 
side the oolites. The organic content is given by molluscan fragments, 
bryozoa, Melobesiae, echinoid debris etc. 

AE-97/11 - Biosparite with oolitized fossils and frequent oolites, some- 
times with quartz grains in the nuclei. Abundant quartz clastics. Frag- 
ments of molluscan shells, small gastropods, bryozoa, echinoid debris, 
Melobesiae are present. 

AE-97/12 - Dolomitized biosparite, containing badly preserved fossils, 
partly recrystallized, mostly mollusks, subordinately bryozoa and echi- 


noid debris. 


SECTION B. 


61 


AE-95/1 - Oosparite with abundant detritic quartz. This sample may be 
correlated to 61 AE-97/7 for the strict analogy of their microfacies (see 
Pl. 4, fig. 3). 


61 AE-95/2 - Sandy biosparite passing to fossiliferous orthoquartzite with 


calcitic cement, and containing altered glauconite. The organic content 
is abundant and given chiefly by molluscan shells and subordinately by 
bryozoa colonies. 


61 AE-95/3 - Biosparite (sandy microsparite) passing to fossiliferous ortho- 


quartzite. Zones largely recrystallized are noticed, and rare oolites. Mol- 
luses, bryozoa and echinoderms are present in fragments. This micro- 
facies is very similar to 61 AE-97/10. 
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AE-95/4 - Sandy biomicrite partly recrystallized. The rock is extremely 
rich in bryozoa, molluscs, echinoid fragments (see PI. 4, fig. 2). 

AE-95/5 - Oo-biosparite. The nucleus of a great number of oolites is 
composed of quartz grains. Bryozoa dominate the organic content, fol- 
lowed by molluscan debris and probable Dasycladaceae. 

AE-95/6 - Fossiliferous oosparite passing to biosparite. Many oolites 
contain detrital quartz, other ones sections similar to Saccocoma; bryo- 
zoa, molluscs and echinoid fragments are present in decreasing quantities. 
AE-95/7 - Washing residue scarse, red in colour, consisting of rounded 
fragments of red limestone. Numerous gypsum laminae are present 
some of which have a lenght up to 2 mm. Some calcite crystals are pre- 
sent too. The organic content is given by ostracods, rare gastropod 
moulds and arenaceous foraminifera, among which: Ammobaculites, Re- 
curvoides and Spirophtalmidium. 

AE-95/8 - Barren sparite. 

AE-95/9 - Alterated biosparite entirely recrystallized, rich in molluscan 
(?) fragments. 

AE-95/10 - Washing residue scarse, red in colour, consisting of fragments 
of indisgregated limestone, which sometimes are limonitized. Rounded 
gypsum grains are frequent, while iron-ore is rare. The organic content 
consists chiefly of deeply eroded colonies of bryozoa and very rare fo- 
raminifera, from which: Gaudryina sp. 

AE-95/11 - Barren sparite. 

AE-95/12 bis - Fine-grained sandstone composed by quartz, two micas, 
and calcite, with rhombohedral crystals of dolomite. Barren. 

AE-95/13 - Bio-intrasparite with molluscs and foraminifera (fragments 
of Cuneolinae, Dicyclinae, Miliolidae, Ophtalmidiidae, Lituolidae). 
AE-95/13 bis - Sandy intra-biosparite passing to quartzose sandstone 
with quartz crystals, sometimes large-sized, molluscan shells, Melobesiae, 
badly preserved foraminifera, among which Cuneolinae, Dicyclinae, Li- 
tuolidae, Miliolidae etc. 

AE-95/14 - Washing residue scarse, given for about 80% by gypsum in 
rounded and/or geminated elements, and subordinately by arenaceous 
grains, sometimes rich in iron-ore, strongly alterated. Rare oolites. Fo- 
raminifera are rare and belong chiefly to the Lagenidae. 
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61 AE-95/15 - Bioclastic limestone containing fragments of cataclastic 
quartz, orthose in idiomorphic crystals perfectly preserved, fragments of 
quartzite and chert. Fragments of molluscan shells are abundant in the 
sparitic cement. 


61 AE-95/16 - Very fine quartzose-micaceous sandstone containing dolomite 
crystals. Quite barren. 
61 AE-95/17 - Recrystallized bio-intrasparite, containing molluscan frag- 


ments, echinoid spines and plates, bryozoa, rare arenaceous foraminifera, 
fragments of corals. Among the intraclasts one may recognize some 
Stomiosphaerae. 

61 AE-95/18 - Dolomitized biomicrite, with fragments of mollusks, echino- 
dermata, and bryozoa. Some glauconite in small grains is observed. 

61 AE-95/20 - Intra-biosparite with neoformated dolomite containing mol- 
luscan shells, echinodermata, well developed and preserved bryozoa co- 
lonies; Stomiosphaerae are observed among the intraclasts. 

61 AE-95/21 - Intra-biosparite with molluscs, bryozoa, echinoids and Melo- 

besiae. A small amount of detrital quartz is present among the intra- 

clasts, as well as glauconite grains (rare), Stomiosphaerae and some fora- 
minifera (Textulariidae, Valvulinidae, Lagenidae, Discorbidae). 

AE-95/22 - Impure biosparite, strongly dolomitized, with corals, bryo- 

zoa, echinoid spines and plates, Inoceramus prisms and Stomiosphaerae 

(see Pl. 4, fig. 1). 


6 


—_ 


There is a fairly good correspondence between the Pull-i-Khumri sec- 
tions here described and the one studied in 1959 by Crra & RusceLii from 
the same locality. The level with Cuneolinae and Dicyclinae has been re- 
cognized in both sections and is the one having a stratigraphical significance: 
other microfacies, though fossiliferous, cannot be used for chronological 
purpose. Werprert (1968) in his study of the North Afghanistan Cre- 
taceous also considers the Pull-i-Khumri section, both lithologically and pa- 
leontologically. He records an horizon with Orbitolina lenticularis Buv- 
MENBACH, which is not represented in the actual collection investigated nor 
in the collection studied by Crra & Ruscett1 (1959). The same author 
does not record the horizon with Cuneolinae and Dicyclinae. 

In a genesal way, the considered section cannot be precisely defined 
from a chronological point of view in its lower and upper limits. It certain- 
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ly belongs to the Cretaceous and probably entirely to the Upper Creta- 
ceous, but we lack a sure evidence for the latter assumption. 

On the base of the microfacies observed, the environment in which the 
sedimentary sequence of Pull-i-Khumri has been deposited is shallow ma- 
rine, nearshore for the greatest part. Oosparites and biosparites are among 
the best represented lithologic types: the organic content, given by bryozoa, 
molluscan fragments, echinoid spines, calcareous algae and sometimes by 
imperforated foraminifera is of sublittoral to littoral significance. The pe- 
lagic organism are completely absent, except for some Stomiosphaerae pre- 
sent in the topmost levels of section B; these forms, however, are inside the 
intraclasts anr therefore possibly do not belong to the local environment. 


1.6. Barfaq Section. 


This section has a total thickness of about 290 m and has been measu- 
red and sampled by Martina in 1961 (see fig. 20, page 115). 

We were able to examine 9 samples, 7 of which studied in thin section, 
the remaining two washed. 


From bottom to top we found: 

61 AE-100/8 - Pelletiferous microsparite with abundant clastics consisting 
of quartz crystals, and/or cavities let behind by them. No organic con- 
tent. 

61 AE-100/7 - Micrite partly pelletiferous with intraclasts, abundant roun- 
ded quartz grains. Fossils are rare and consisting of large Rotaliae (see 
Pl. 3, fig. 2). 

61 AE-100/6 - Impure argillaceous micrite with pelletiferous (?) structure 
and containing rounded quartz grains. 

61 AE-100/5 - Biomicrite with abundant Miliolidae, Ophtalmidiidae, large 
Rotaliae, and arenaceous foraminifera. The genera Quinqueloculina, 
Spirophtalmidium, Clavulina may be recognized (see PI. 3, fig. 1). 

61 AE-100/4 - Poorly washed intra-biosparite with Miliolidae, Ophtalmidii- 
dae, arenaceous foraminifera, Lagenidae, Rotaliae, calcareous algae (Me- 
lobesiae and possibly Dasycladaceae), molluscan fragments. 
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61 AE-100/3 bis - Biosparite with Miliolidae and arenaceous foraminifera, 
Cibicides, molluscan and echinoid fragments, Melobesiae. 

61 AE-100/3 - Washing residue abundant consisting of indisgregate arena- 
ceous granules, glauconite, mica flakes, green rocks etc. Foraminifera are 
abundant, but usually not well preserved. The most represented gene- 
ra are Marginulina, Robulus and Cibicides. Also present Gyroidina, 
Astacolus, Nodosaria, Guttulina, Frondicularia, arenaceous foraminife- 
ra among which Trochammina, rare planktonic forms, frequent ostra- 
cods and echinoid spines. 

The following species have been recognized (see PI. 6, fig. 2): 
Allomorphina conica Cusuman & Topp 

Bulimina ovata d’Orxicny 

Cibicides rigidus Byxova 

Cibicides succedens BrotzEN 

Dentalina cf. communis (d’Onsicny) 

Gyroidina aff. angustiumbilicata TEN Dam 
Gyroidinoides soldanii octocamerata (CusHMaN & Hanna) 
Karreria fallax RzEHAK 

Marginulina longiforma (PLUMMER) 

Nodosaria bacillum DEFRANCE 

Nodosaria bacillum minor HaNnTKEN 

Robulus roemeri (Reuss) 

Spiroplectammina monetalis Bykova 

Trochammina sp. 

Uvigerina elongata CoLE 

Virgulina schreibersiana CzjzEK 

Globorotalia ehrenbergi Bott 

Globorotalia quadratoseptata (Davwson & Morozova) 
Globigerina mckannai Wurre 

Globigerina cf. microsphaerica (Morozova) 
Globigerina_triloculinoides PLUMMER 

61 AE-100/2 - Impure biosparite with mollusks, Miliolidae, and Melobesiae. 
Cibicides, Rotaliae, possibly Planorbulinidae and related genera are also 
present, as well as echinoid fragments and bryozoa. 

61 AE-100/1 - Washing residue abundant, consisting of fragments of indis- 
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gregate sandstone, of quartz grains, mica flakes, glauconite etc. Fora- 
minifera are rare (Miliolidae, Cibicides etc.). 


This section cannot be dated accurately after its micropaleontological 
content owing to the lack of significant fossils. 

The most interesting bed is 61 AE-100/3, which yielded a planktonic as- 
semblage including Globorotalia ehrenbergi, G. quadratoseptata, G. mckan- 
nai, Globigerina triloculinoides etc. Globorotalia quadratoseptata, according 
to the planktonic foraminiferal biostratigraphy used by some Russian authors 
(see Mornozova, Kreypenkov & Davinson, 1965) is considered as zonal mar- 
ker for the middle Palaeocene. 

The level discussed above overlies a level very rich in Miliolidae which, 
however, cannot be assigned to a definite age. 

The lower part of the Barfaq section is barren; therefore we have no evi- 
dence of an Upper Cretaceous age, which however has to be considered as 
possible, for this stratigraphic interval. 

The upper two levels, overlying the middle Palaeocene, are possibly of 
post-Palaeocene age, as indicated by the occurence of fragments of Planor- 
bulinidae, which family is known to range from the Eocene to the Recent. 
Since the levels with planktonic foraminifera and with the supposed Planor- 
bulinidae are practically in contact, a_ significant gap corresponding at least 
to the Upper Palaeocene should be considered. 

In terms of environment, the examined samples indicate a shallow mari- 
ne sedimentation, with evaporitic episodes. The fossil population is of lit- 
toral type (abundance of Miliolidae, Melobesiae, bryozoa, Rotaliae) except 
for planktonic foraminifera, which however are rare and present only in 
sample 61 AE-100/3, which comes from a marly level interbedded with 


gypsum. 


1.7. Ambar Koh Section. 


This section was measured and sampled in 1961 by E. Martina, and has 
a total thickness of about 200 m (see fig. 23, page 121). The samples sub- 
mitted to a micropaleontological research are three, one of which studied 
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in thin sections, the remaining two washed. From bottom to top we 
found: 


61 AE-89/1 - Impure foraminiferal biosparite with molluscan and echinoid 
fragments, abundant Cibicides and related forms, Miliolidae, arenaceous 
foraminifera, Rotaliae etc. 

6] AE-89/2 - Washing residue poor, consistent of indisgregated arenaceous 
fragments, iron-ore, pyrite etc. The organic content is given by mollu- 
scan fragments, fish teeth, and abundant foraminifera. The assembla- 
ge is rich in Lagenidae, Cibicides, Eponides and planktonic foraminifera. 

The following species have been recognized (see Pl. 6, fig. 1): 
Bulimina ovata pOrBIGNY 

Cibicides cf. infraferganicus Byxova 
Cibicides rigidus Bykova 

Citharina sp. 

Dentalina communis (p OrsIGNy) 

Eponides sp. 

Glomospira sp. 

Nodosaria cf. latejugata GUMBEL 

Robulus roemeri (Reuss) 

Robulus sspp. 

Spiroplectammina cf. spectabilis (GryBowsk1) 
Textularia sp. 

Globorotalia ehrenbergi Bout 

Globigerina microsphaerica (Morozova) 
Globigerina spiralis Boux1 

Globigerina aff. spiralis Bout 

Globigerina triloculinoides PLUMMER 

61 AE-89/5 - Washing residue abundant, very rich in indisgregated dark 
red rock fragments, hyaline quartz crystals, iron ore, crystalline rock frag- 
ments, calcitic grains of probable organic origin. The fossil content is 
poor and not well preserved. It consists of bryozoa and foraminifera, 
among which arenaceous forms, Cibicides, Globigerina. 


The only level from the Ambar Koh section which has a chronological 
significance is 61 AE-89/2, which bears a fairly rich foraminiferal assembla- 
ge with Globorotalia ehrenbergi and Globigerina microsphaerica, which is 
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typical for the middle Paleocene. The underlying 61 AE-89/1 level is very 
rich in miliolids. 

The range of Globorotalia chrenbergi is limited to the middle Palaeoce- 
ne, for general agreement. However, this taxon should not co-exist with 
Globigerina spiralis, which species is known to disappear at the same level 
at which Globorotalia angulata first occurs. This (anomalous) co-occurren- 
ce may be due either to a local range of Globorotalia ehrenbergi more ex- 
tended upwards than generally admitted, or to reworking. This latter hy- 
pothesis is considered improbable since the underlying section consists of 
shallow water deposits, quite different from those under consideration. 

It is opinion of the present authors that level 61 AE-89/2 may be refer- 
red to the Globigerina quadratoseptata zone, even in absence of the zonal 
marker. This attribution is based on the occurrence of Globigerina micro- 
sphaerica, which first appears in the afore mentioned zone. 

The lack of assemblages indicating the Upper Palaeocene and the 
Lower Eocene suggest a gap corresponding to the considered interval. 

Non-deposition or post-depositional erosion may have caused such a gap. 
Megafossil faunas indicating a Middle Eocene (Alai) age are present, rewor- 
ked, in association with uppermost Middle Eocene (Turkestan) faunas in 
the uppermost part (levels 3 and 4) of the Ambar Koh section (see BEnrizz1, 
1970 b). The corresponding microfaunas, unfortunately, are chronologically 
insignificant. 

In terms of palevecological interpretation, the studied samples reveal a 
deeping of the sedimentary basin during Palaeocene times, while the upper 
part of the section, which may be referred to the Middle—Upper Eocene af- 
ter its content in megafossils, but is micropaleontologically insignificant, in- 
dicates a shallow water environment. 


1.8. Ali Abad Sections. 


Near Ali Abad (Kataghan) in the central part of the Upper Amu Darya 
Depression, Martina sampled two reduced Tertiary sections which are very 
interesting as they bear megafossils as well as foraminifera (see fig. 24, 
page 130). 
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Section 1 represents the lower portion of section 2, and has a thickness 
of about 115 m. We examined two samples, from bottom to top: 


61 AE-93 - Poorly washed biosparite with foraminifera and molluscan frag. 
ments, containing Rotaliae, Cibicides, Miliolidae etc. (see PI. 3, fig. 3). 

61 AE-94 - Washing residue consisting of fine indisgregated arenaceous 
grains, with quartz, iron-ore and mica flakes. The organic content is 
given by internal moulds of foraminifera, Globigerinae, Anomalinidae, 
Lagenidae etc. 

The planktonic forms, belonging to the genera Globigerina and Globo- 
rotalia, cannot be classified at a species level. The benthonic forms inclu- 
de: 

Anomalina toddae Harris & Jose 

Anomalina sp. 

Dentalina sp. 

Karreria fallax RzEHAk 

Robulus sp. 

Spiroplectammina sp. 


Section 2 consists of two samples, one of which washed, the other one 
studied in thin section. From bottom to top they are: 

61 AE-91/3 - Washing residue poor, given by numerous indisgregated, li- 
monitized granules. The same material constitutes the internal moulds 
of megafossils. Quartz, feldspar, pyrite, gypsum, iron-ore are also pre- 
sent in the residue. The organic content is given by abundant forami- 
nifera, not well preserved; chiefly Lagenidae: the genera Robulus, No- 
dosaria and Marginulina etc. are present with large specimens, as well 
as ostracods and fish teeth. 

The following benthonic species are recognized (see Pl. 7, fig. 2): 
Angulogerina wilcoxensis (CusHMan & Ponton) 

Anomalina toddae Harris & Jose 

Gaudryina sp. 

Gyroidinoides scrobiculata (Cusuman & Ponton) 
Haplophragmoides sp. 

Marginulina longiforma (PLUMMER) 

Nodosaria bacillum DEFRANCE 

Nodosaria bacillum minor HaNTKEN 
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Siphogenerina sp. 

Spiroplectammina sp. 

Trochammina sp. 

Uvigerina elongata CoE 

Vulvulina sp. 

The planktonic foraminifera (chiefly Globigerina cf. triloculinoides) are 
rare and cannot be classified owing to their poor preservation. 
61 AE-91/2 - Micrite with abundant clastic quartz and rare glauconite. 

The organic content is rare and consists of molluscan fragments, ostra- 
cods, Miliolidae, Rotalina ?, etc (see Pl. 3, fig. 4). 


Levels 61 AE-94 and 61 AE-91/3, belonging respectively to section I 
and section II, may be correlated on the basis of the benthonic foraminife- 
ral assemblages, which are quite similar. However, only the latter is chro- 
nologically significant. The occurrence of Globigerina triloculinoides asso- 
ciated with typical Paleocene benthonic species suggest a Middle to Upper 
Palaeocene age. In both sections the planktonic foraminifera-bearing beds 
overly limestones rich in Miliolidae. 

The clayey levels of Palaeocene age are overlain by fossiliferous beds ve- 
ry rich in megafossils indicating a Lower-Middle Eocene age. 

Once more, a gap in sedimentation corresponding to the Upper Palaeo- 
cene (?)-Lower Eocene (part ?) is considered probable, on the basis of the 
available data. 


1.9. Tashkurghan Section. 


This section, of a total thickness of about 590 m, has been sampled and 
described by Desio in 1961 (see fig. 25, page 188). Our micropaleontolo- 
gical investigation has been carried out on seven samples, three of which 
were examined in thin section, the remaining four in washing residues. 


The micrographic characters are as follows, from bottom to top: 

61 AD-59/12 - Foraminiferal bio-intramicrosparite very rich in Siderolites, 
among which S. calcitrapoides Lamarck, and containing Lepidorbitoi- 
des sp., L. cf. socialis (LEYMEniE), Orbitoides cf. apiculata (SCHLUMBER- 


482 


61 


61 


61 


PALEONTOLOGICAL APPENDIX 


GER), etc. The greatest part of the orbitoidal foraminifera are in frag. 
ments. Smaller foraminifera are also present such as Rotaliidae, arena- 
ceous forms and rare planktonics like Globotruncana stuarti (DE Lappa- 
RENT), accompanied by molluscan fragments, Melobesiae, bryozoa ete. 
(see Pl. 5, fig. 3). 

AD-59/11 - Foraminiferal bio-intrasparite with Miliolidae, Rotaliidae, Ci- 
bicides sp., arenaceous forms and also with bryozoa, molluscan and echi- 
noid fragments etc. (see Pl. 5, fig. 2). 
AD-59/7 - Poorly washed clayey biosparite with bryozoa, Melobesiae, 
molluscan fragments, echinoids spines and plates, small arenaceous fora- 
minifera, some Miliolidae, Rotaliidae, rare Rotalina? and planktonic fo- 
raminifera, among which Globigerina triloculinoides (see Pl. 5, fig. 1) may 
be recognized. 
AD-59/6 - Washing residue abundant, rich in quartz hyaline crystals, 
gypsum, indisgregated fragments more or less limonitized, calcite, mu- 
scovite, biotite, glauconite, green rocks fragments etc. The organic con- 
tent is given by planktonic and benthonic foraminifera. The following 
species have been recognized (see PI. 7, fig. 1): 

Cibicides infraferganicus Bykova 

Dentalina cf. acuta p’'OrBIGNY 

Discorbis sp. 

Nonion sp. 

Pararotalia heckeri (ByKova) 

Spiroplectammina sp. 

Uvigerina cf. elongata CoLE 

Uvigerina sp. 

Chiloguembelina trinitatensis (CusuHMan & Ponron) 

Globorotalia traubi GoHRBANDT 

Globorotalia rotundimarginata (SuBsotina) 

Globigerina eocaena GUEMBEL 

Globigerina falsospiralis (Davison & Morozova) 

Globigerina cf. prolata Boux1 

Globigerina pseudoeocaena pseudoeocaena SuBsBoTina (’) 
Pseudohastigerina wilcoxensis (Cusuman & PonTon) 


(1) See PREMOLI SiLva (1970), foot note at page 143. 
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Miliolidae, Textulariidae, ostracoda, radiolaria, echinoid spines. Some 
reworked Globotruncanae and Hedbergellae are also present. 


61 AD-59/2 - Washing residue red in colour, composed by indisgregated 


61 


61 


rock fragments (red), quartz and calcite crystals, gypsum, sometimes ge- 
minated. No organic content is noticed. 

AD-59/1 - Washing residue very abundant, similar to the proceding one 
this too red in colour and barren. 

AD-59/3 - Washing residue containing hyaline quartz grains, gypsum in 
laminae up to 5 mm in size, calcite, mica flakes, limonitized granules etc. 
The organic content is rich in fragments of molluscan shells (Ostreidae), 
echinoid spines, ostracoda, radiolaria and small foraminifera, among 


which: 


Cibicides artemi Bykova 

Cibicides infraferganicus Bykova 

Eponides sp. 

Nonion ex gr. laeve (pD Onpicny) 

Nonionella cf. ovata BroTzEN 

Quinqueloculina sp. 

Uvigerina spinicostata CusHMan & JARVIS 
Valvulineria iphigenia SaMormLova 

Virgulina (?) dibollensis CusuMan & APPLIN 
Globorotalia aff. opima nana Bo. 
Globorotalia rotundimarginata (SuBBOTINA) 
Globorotalia aff. rotundimarginata (SuBBoTINA) 
Globigerina officinalis SupsBoTina 

Globigerina tarchanensis Susspotina & SHUTSIEVA. 


DISCUSSION ON BIOSTRATIGRAPHY. The Tashkurghan section here consi- 


dered contains some levels which are well dated micropalaeontologically: the 
lowest one, 61 AD-59/12, which contains a rich assemblage of orbitoidal fo- 
raminifera, associated with Siderolites calcitrapoides and Globotruncana 
stuarti, clearly indicates a Maastrichtian age. 


The following levels 61 AD-59/11 and 61 AD-59/7, which are very si- 


milar for their microfacies, may be referred to the Palaeocene due to the oc- 
currence, in the latter, of Globigerina triloculinoides. 


Level 61 AD-59/6 may be referred to the upper Lower Eocene due to 
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the occurrence of Pseudohastigerina wilcoxensis, Globigerina pseudoeocae- 
na pseudoeocaena, Globorotalia rotundimarginata etc. Though some signifi- 
cant species are lacking, the association may be considered typical for the 
zone with conical Globorotalias of Suspotina (= G. aragonensis zone of 
KRASHENINNIKOV). In terms of tropical zonations, it may be referred to the 
upper part of Globorotalia palmerae Zone, or correspondent. 

Level 61 AD-59/3 may be attributed to the upper Middle Eocene due 
to the occurrence of Globorotalia rotundimarginata and Globigerina offici- 
nalis. The first taxon is known to disappear at the top of the Middle Eoce- 
ne, or at the top of the so called « thin walled pelagic foraminifera » zone 
of Sussotina, which underlies the « Globigerinoides conglobatus » zone, ot 
Upper Eocene age. Globigerina officinalis first appears in the upper Middle 
Eocene and ranges through the Upper Eocene and Oligocene. The concur- 
rent range of the two species thus is limited to the aforementioned zone 
which, in terms of tropical zonations, should correspond to the Truncorota- 
loides rohri Zone (= P. 14 Zone of Biow, 1969). 

In conclusion, we point out that the existence of the Upper Palaeocene 
and of part of the Lower Eocene has not been documented in the Tashkur- 
ghan section. 

Starting from the upper part of the Lower Eocene, the section is well 
documented with isolated microfossils or with megafossils or with their joint 
occurrence (see also Brenizz1 1970 b). 

According to the available data, it appears that the Tashkurghan sec- 
tion does not range to the Upper Eocene. 

The reworked Upper Cretaceous specimens present in the assemblage 
of level 61 A-59/6 suggest that Upper Cretaceous sediments underwent ero- 
sion during the Upper Palaeocene. This fact confirm that the lack of faunas 
indicating an Upper Palaeocene-Lower Eocene (part) age is due to a gap in 
sedimentation. 

The environmental significance of the studied samples indicates littoral 
(61 AD-59/12) to sublittoral (61 AD-59/11, AD-59/7) sedimentation for the 
lower part of the section, according to the limestone structures and to their 
organic content. Levels 61 AD-59/6 and 61 AD-59/3 indicate a more pela- 
gic environment, in connection with a probable deepening of the sedimenta- 
ry basin. 
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COMPARISON WITH THE TASHKURGHAN SECTION AS DESCRIBED BY SOLUN & 
CueEpov (1963). — The examined section has been described by SoLun & Cue- 
pov (1963), who found the Upper Cretaceous (Coniacian) terminating with 
an erosional surface and directly overlain by Palaeocene and Eocene forma- 
tions as follows, from bottom to top: 

a) Bukhara limestone 514 m, 

b) marls, limestones and limy clays (Suzak) 334.5 m, 

c) clays, sandstones and siltites (Alai) 108.9 m, 

d) clays and gypsum in the topmost part (Turkestan) 85 m. 

The Bukhara beds are always eroded in their topmost part, as well as 
the topmost Turkhestan beds. 

Our level 61 AD-59/12, of clear Upper Maastrichtian age, cannot be 
located in the section described by SoLun & CuHEpov, since they expressely 
state that the Palaeocene Bukhara limestone directly overlies deposits of 
Coniacian age (see op. cit., page 276). 

A better location is possible for level 61 AD-59/11, which approxima- 
tely corresponds to beds 3-4 of SoLun & CueEpov, at about the middle of the 
Bukhara beds. Level 61 AD-59/7 seems to correspond to the upper part 
of the same unit, on the basis of its lithology. 

Level 61 AD-59/6 may tentatively be correlated with the upper part 
of the Suzak beds, though without any micropalaeontological evidence. 

Level 61 AD-59/8, which is known only after its content in megafossils, 
belongs to the Alai beds and should correspond to level 13 of the cited au- 
thors (page 287). 

Level 61 AD-59/3 is located in the clayey levels of the Turkestan beds, 
and particularly should be correlated with the levels described at page 290 
(of Sotun & CueEpovy), always on the basis of lithology and stratigraphic po- 
sition with respect to the enclosing units. 


1.10. Tentative Correlation between the Sections. 


The examined sections may be tentatively correlated by means of their 
microfacies and/or their micropalaeontological content, as shown in fig. 26 
(page 143), 
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We shall try to describe these correlations, beginning from the older 
(lower) levels, towards the younger (upper) ones: 


1) The probably lowest levels here examined belong to the Qara Tut section, 
and are represented by sandstones, conglomerates, quartzites. These levels 
may be correlated with the upper part of the Karkar section described by 
Desio, Cita & PrEMOLI SiLva (1965), belonging to the « Red Grit » hori- 
zon. Lacking of organic content, the correlation is based on lithological 
analogy on the stratigraphic position with regard to level 2), which in the 
Karkar as well as in the Qara Tut section overlies level 1). 


2) Level 61 AD-48/18a of the Qara Tut section, level 61 AE-87/5 b of the 
Farkhar section, level 61 AE-77/1 of the Archa Kotal outcrop may be corre- 
lated to one another and with level 61 AP-178/34 of the Karkar section for 
the identity of their microfacies, which is characterized by more or less im- 
pure oo- to bio-oosparites rich in molluscan debris. 

The age of this level cannot be determined directly because of the 
lack of significant microfossils: it is probably Lower Cretaceous and is at 
any rate not younger than the Cenomanian, since it underlies the Cuneoli- 
nae-Dicyclinae bearing level in the Forkhar section. 


3) Level 61 AE-97/7 of the Pull-i-Khumri section (A) may be correlated with 
level 61 AE-95/1 of the Pull-i-Khumri section (B), with level 61 AD-48/18 b 
of the Qara Tat section, and with level 61 AP-178/35 and /386 of the Karkar 
section for the identity of the microfacies, consisting of sandy oosparites with 
a scanty organic content (small fragments of bryozoa, echinoid, molluscs, 
Miliolidae). 

The age of these levels, as well as the age of the levels described in 2), 
is deduced indirectly by the stratigraphic position with respect to the Cu- 
neolinae-Dicyclinae bearing level 5), which overlies level 3) in the Pull-i- 
Khumri section. 


4) Levels 61 AD-30/6 of the Baba Darwes section, 61 AD-34/2 of Moham- 
mad Aba and 61 AE-87/11 of the Farkhar section are correlative and may be 
considered of the same age according to their content in planktonic forami- 
nifera (Hedbergellae). H. delrioensis, which is present in the Farkhar section, 
ranges from the Albian to the Cenomanian. The absence of more evolved 
species speaks in favour of an Albian age, which is also in agreement with 
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the Cenomanian-Turonian age of the overlying Cuneolinae and Dicyclinae- 
bearing level. 


5) Levels 61 AE-95/13 bis of the Pull-i-Khumri section, 61 AE-87/12 and /13 
of the Farkar section, levels 61 AD-30/3, /9, /4, /10 of the Baba Darwes sec- 
tion, level 61 AD-34/1 of the Mohammad Aba outcrop near Baba Darwes 
and 61 AD-56 of the Argana pass outcrop (’), may be correlated. They 
bear an assemblage rich in Cuneolinae, Dicyclinae, Miliolidae, Ophtalmidii- 
dae, frequently also fragments of rudists, bryozoa, etc. The species Cuneo- 
lina pavonia parva HENsSon and Dicyclina schlumbergeri Munien CHALMAS 
have been recognized in the Farkhar and Mohammad Aba samples. The age 
of this association is surely Upper Cretaceous and may be referred to the 
Cenomanian and possibly also, at least in part, to the Turonian. This chro- 
nological attribution is in agreement with the megafossil fauna coming from 
the same levels. 


6) Levels 61 AD-30/3', 61 AD-30/5 of the Baba Darwes section, 61 AD 
35/1 of the Chenar-i-Gunjeshkan pass outcrop near Baba Darwes may be cor- 
related for their microfacies and micropaleontological content. The assem- 
blage is given by Orbitoides, Orbitocyclina, Siderolites and fragments of the 
sames. The species Orbitoides media (pv Arncutac) and Orbitocyclina mini- 
ma (Dovvitte) have been identified in the upper part of the Baba Darwes 
section, as well as Siderolites calcitrapoides Lamarck, which is present ve- 
ry frequently at the base of the Tashkurghan section (level 61 AD-59/12) with 
Lepidorbitoides ssp. and Orbitoides cf. apiculata (SCHLUMBERGER). 

The age of this assemblage in the whole is surely Campanian-Maa- 
strichtian. Even if the succession cannot be controlled in all the sections, 
we point out that within the orbitoidal assemblage, a lower level rich in 
Orbitoides s.str.; a middle level with Orbitoides (often in fragments) asso- 
ciated with Orbitocyclina minima and rare Siderolites; an upper level with 
Siderolites, large Rotaliae and fragments of Lepidorbitoides may be recogni- 
zed. 


7) Levels 61 AE-100/3 bis of the Barfaq section, 61 AD-59/11 and /7 of the 
Tashkurghan section, 61 AE-83 of the Ali Abad section, 61 AE-89/1 of the 
Ambar Koh section may be correlated for the identity of their microfacies, 


(1) see page 144, 


488 PALEONTOLOGICAL APPENDIX 


characterized by intrabiosparite rich in small Miliolidae and rotaliid foramin- 
ifera (large Rotaliae, Cibicides etc.). Arenaceous foraminifera are also pre- 
sent, as well as fragments of various megafossils. 

The age of this microfacies cannot be directly defined, lacking of signi- 
ficant fossils. However, it can be defined indirectly, since it overlies the 
orbitoidal level of Maastrichtian age in the Tashkurghan section, and it un- 
derlies the level with planktonic foraminifera described in 8), which indica- 
tes a Middle Palaeocene, in all the sections considered (Barfaq, Tashkurghan, 
Ali Abad, Ambar Koh). 


8) The assemblages included in level 61 AE-89/2 from Ambar Koh, 61 AE- 
100/3 from Barfaq, 61 AE-91/3 from Ali Abad may be correlated, on the ba- 
sis of their content in planktonic foraminifera and also of their stratigraphic 
position, since they all overly the Mitiolidae-bearing limestone. 

Globorotalia ehrenbergi, indicating a Middle Palaeocene age, is present 
at Ambar Koh in association with Globigerina spiralis (ranging from the 
lower to the Middle Palaeocene); it is also present at Barfaq in association 
with Globorotalia quadratoseptata, the first occurrence of which is known 
to be later than the first occurrence of G. ehrenbergi. From the above, it 
results that the sample from Barfaq is slightly younger than the sample 
from Ambar Koh. 

The correlation with the Ali Abad sample is less precise, due to the poor 
planktonic foraminiferal faunas. The benthonic assemblage, however, is ve- 
ry similar to the one found at Barfag, so that they may be considered ap- 
proximately coheval. 

Level 61 AD-59/7, examined in thin section due to its calcareous litho- 
logy, yielded some specimens of Globigerina triloculinoides, also indicating 
a Palaeocene age. The stratigraphic position confirms the proposed corre- 
lation. 

Samples containing isolated foraminifera indicating an age younger than 
those considered so far have been investigated in the Tashkurghan section 
alone. Therefore they are not discussed here (see page 142). 

Discussion. Among the sections investigated, those measured at Qara 
Tut, Baba Darwes, Farkhar, Karkar, Pull-i-Khumri, Tashkurghan (part) in- 
clude Cretaceous formations. 

Those which are more extended downwards are characterized at the 
base by detrital sediments containing rare fossil] fragments, such as bryozoa 
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and echinoids, of scarce stratigraphic significance and indicating a sublit- 
toral environment. 

A marked transgression takes place during the Albian, with the deposi- 
tion of planktonic foraminiferal marls with Hedbergellae. 

The level bearing Cuneolinae and Dicyclinae, which may be considered 
as a marker horizon of the north-eastern Afghanistan Upper Cretaceous, 
seems to close a sedimentary cycle. 

The lack of fossil assemblages indicating an age intermediate between 
the probable Lower Turonian (Cuneolinae-bearing level) and the Campa- 
nian-Maastrichtian (orbitoidal foraminifera level) suggests an important hia- 
tus or gap, which is also recorded by different authors (see WEIPPERT, 1968). 
The conglomerate present in the upper part of the Pull-i-Khumri section is 
connected to the transgression, which elsewhere is not so clearly documen- 
ted. 

The bryozoa-bearing levels of the topmost part of the Pull-i-Khumri 
section belong to the new sedimentary cycle. 

The transition from the Cretaceous to the Tertiary cannot be documen- 
ted in the sections investigated. Only in the Tashkurghan section both the 
tompost Cretaceous and the Palaeocene are present, however, due to tectonic 
complications and to the incompleteness of field observations, no sure sta- 
tement can be made. 

The sections measured at Ambar Koh, Ali Abad, Barfaq, Tashkurghan 
(part) include Palaeocene and/or Eocene formations. 

They can be discussed both lithostratigraphically and chronostratigra- 
phically according to the scheme proposed by the Russian authors for the re- 
gion north of the Amu Darya river, where the units called Bukhara, Suzak, 
Alai and Turkestan have been defined. 

Three horizons are distinguished by Morozova, Kreypenkov & Davip- 
son (1965) in the Bukhara beds. From bottom to top, they are: 


a) Tabakcha horizon, characterized by limestones and dolomites 
with mollusca and foraminifera, including Miliolids, Rotaliids, Cibici- 
des and Nummulites. 


b) Aruktau horizon, consisting of marls and clays in the lower part, 
of limestones and gypsum in the upper part. The lower part is very rich 
in mollusks and planktonic foraminifera, including Planorotalia pseudo- 
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menardii (*), Globigerina microsphaerica (Globorotalia quadratoseptata 
assemblage); the upper part is poor in planktonic forms but it is rich in 
Lagenidae, Miliolidae and Anomalinidae. 


c) Karatag horizon, consisting of compact clayey limestones rich 
in mollusks and sometimes also in benthonic foraminifera, with rare 
planktonics belonging to the Acarinina tadjikistanensis zone. 

Among the sections here investigated, the basal Miliolidae bearing lime- 
stones may be referred to the top of the Tabakcha horizon; the foramin- 
iferal marls correspond to and may be correlated with the lower part of the 
Aruktau horizon and possibly also to the upper part. We have no evidence 
for the Karatag horizon. 

In the Barfaq section the Miliolidae-bearing limestone corresponding 
to the top of the Tabakcha horizon is underlain by a thick body of limesto- 
nes practically unfossiliferous and therefore difficult to be located. These 
limestones possibly belong to the lower part of the Bukhara beds and also, 
at least in part, to the underlying Akdjar horizon (the so-called « Montian » 
of the Russian authors). 

Always at Barfag, the marls of the Aruktau horizon are very thin and 
are overlain by an erosional surface. This surface had already been recor- 
ded previously, but the present investigations allow a better understanding 
and definition of the hiatus. In the Barfaq section almost the entire Aruk- 
tau horizon and the Karatag horizon are lacking, and we cannot define to 
which unit the limestones overlying the marly level belong. 

In the Ambar Koh and Ali Abad sections the hiatus is very wide and 
corresponds to the whole Karatag (upper unit of the Bukhara beds) and to 
the Susak beds. As discussed above, megafossils (mainly Ostreidae) charac- 
teristic of the Alai beds are present, mixed with forms typical for the Tur- 
kestan beds, in strata immediately overlying the Middle Palaeocene marls. It 
cannot be excluded that also the taxa indicating a younger age are reworked. 

In the Tashkurghan section the upper part of the Bukhara beds are 
lacking, as well as (probably) the lower part of the Susak beds: the cited 
units are separated by an erosional surface already recorded by SoL.un & 
Cuepov (1963). 


(1) Planorotalia pseudomenardii, identified in this horizon, probably corresponds to the 
Globorotalia ehrenbergi. 
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From the above it may be concluded that the stratigraphic gap existing 
between the Bukhara and Susak beds, previously considered to be restricted 
to north-eastern Afghanistan, is extended at least to central-north Afghani- 
stan (Tashkurghan). In this latter area, however, the vertical extent of the 
gap is more restricted than to the east (Kataghan). Fossil assemblages cha- 
racteristic of the Susak, Alai and Turkestan beds in fact are present in nor- 
mal succession, while in the eastern area (see Ali Abad and Ambar Koh 
sections) gaps and condensations are noticed in correspondences with the 
aforementioned units. 
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PLATE | 


Fig. 1. - Sandy foraminiferal bio-intramicrite with bryozoa, Orbrtocyclina minima, Rotaltae, cchinoid plates ete., 


Fig. 2. - 


Fig. 3. - 


Fig. 4. - 


x 35. 
Baba Darwes scction, level 61 AD-30/3'. 
Maastrichtian. 


Impure bio-intramicrite with molluscan debris, Cuneolinae, Haplophragmotdes etc., XK 30. 
Baba Darwes section, level 61 AD-30/3. 
Cenomanian-Turonian, 


Compact micrite containing elongated crystals (geminated), sometimes branched, which possibly re- 
present autigenous anhydrite crystals, secondarily substituted by calcite, & 15, 

Polarized light, parallel nicols. 

Qara Tut section, level 61 AD-48/11. 

Lower Cretaceous. 


Quartzitic sandstone, with clastics of different size, more or Jess rounded. The dominant constituent is 
quartz, Minor constituents are tourmalin, zircon. muscovite, sericite, iron-ore etc., K 25. 

Polarized light, crossed nicols. 

Qara Tut section, level 61 AD-48/2. 


Lower Cretaceous. 
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Fig. 1. 


Fig. 2. 


Vig. 3. 


Fig. 4. 


‘ 


PLATE 2 


Foraminiferal biomicrite with molluscan fragments, Cuncolinae, Lituolidce, etc., % 5. 


Farkhar section, level 61 AE-87/12. 
Ccncmanian-Turonian. 


Sandy, fossiliferous micrite with Hedbergella delrioensis (Carscy), XK AQ. 


Farkhar section, level 61 AE-87/11. 
Albtan (?). 


Fossiliferous intramicrite very rich in bryozca, & 12. 
Farkhar section, level 61 AE-87/5b. 
Lower Cretaceous. 


Oosparite with shell fragments and detrital quartz, x 35. 
Farkhar section, level 61 AE-87/5b. 


Lower Cretaceous. 
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PLATE 3 


i] 
Fig. 1. - Biomicrite with Miltolidae (Quingueloculina), Ophtalmidiidae (Spirophtalmidium), Verneutlinidae (Cla- 


Fig. 2. - 


Fig. 3. 


Fig. 4. 


vulina) etc., * 16. 
Barfaq section, Icvel 61 AE-100/5. 
Probable Falaeccene. 


Pelletiferous micrite with intraclasts and abundant rounded quartz grains and rarc foraminifera (Ro- 
talia >), & 50. 

Polarized light, parallel nicols. 

Barfaq section, level 61 AE-100/7. 

Probable Palaeocenc. 


Poorly washed fossiliferous sparite with molluscan fragments, Rotalige, Anomalinidue, Miltolidue etc., 
mm 20. 

Alt Abad section, level 6! AE-93. 

Middle Palacocene. 


Micrite with abundant clastic quartz, The organic content is scattered and consists of small forami- 
nifera, among which problable « Rofalina», *& 25. 

Ali Abad section. level 61 AE-91/2A. 

Middle Palaeocene. 
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1. - Impure dolomitized biosparite with corals, bryozoa, cchinaid plates and spines ete., 25. 


+. 
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Pull-i-Khumri section, 
Upper Cretaceous. 


level 


6) 


PLATE 


AE-95/22. 


Pull-i-Khumri section, level 61 AE-95/4, 


Lower Cretaceous. 


- Oosparite with abundant detritic quartz, X 50. 


Pull-i-Khumri section, level 61 AE-95/1. 


Lower Cretacecus. 


Sandy cosparite passing to orthoquartzite cemented by sparitic calcite with oolites, 70. 


Polarized light, parallel nicols. 


Pull-i-Khumri section, 
Lowcr Cretacecus. 


level 


61 


AE-97/7. 


‘4 


50] 


- Sandy biomicrite partly recrystallized. The rock is extremely rich in bryozva and molluscs. & 15. 
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PLATE 5 


Pocrly washed, clayey biosparite with bryozoa, molluscan and echinoid fragments ete., % 15. 
Tashkurghan section, level 61 AD-59/7. 
Middle Palacacene. 


Foraminiferal bio-intrasparite with Miltolidae, Rotaltidae, echinoid fragments etc. % 20, 
Tashkurghan section, level 61 AD-59/I1. 
Middle Palacocene. 


Foraminiferal bio-intra-microsparite very rich in Sidcrolrtes calcrtrapoides (Lamanck), with Leptdorbitoi 
des and rare smaller foraminifera, >< 22. 

Tashkurghan section, level 61 AD-59/12. 

Maastrichtian. 


Orbitocyclina-biosparite, XX 35. 
Chenar-i-Gunjeshkan pass, sample 61 AD-35/1. 
Maastrichtian. 
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PLATE 6 


Fig. 1. - Foraminiferal association of level 61 AE-89/2, & 35. 
Ambar Koh section. Middle Palacocene. 


Fig. 2. - Foraminiferal assemblage of level 61 AE-100/3, X 18. 
Barfaq section. 
Middle Palaeocenc. 
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PLATE 7 


Fig. 1. - Foraminifera from level 61 AD-59/6, x 45. 
Tashkurghan section. 
Late Lower Eocene, 


Fig. 2. - A group of foraminifera from level 6] AE-91/3, x 30. 
Ali Abad section. Probable Palaeccenc. 
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2. MEGAFOSSILS OF SOME LOCALITIES OF NORTH-EASTERN AFGHANISTAN (’). 


2.1. Introduction. 


Here below are brief descriptions of fossiliferous localities discovered 
in 1961 by the scientific expedition led by Prof. Arvrro Desio, They are 
listed in order of age: from the most ancient to the most recent. The lo- 
calities marked on the Geological Map of Central Badakhshan accompany- 
ing the present volume are numbered progressively from 1 to 10 (from the 
most ancient to the most recent). For each fossiliferous locality, besides the 
characteristics of the rock containing the fossils, there is a list of the spe- 
cies and their age. A description of the species can be found in the 2" 
volume of part IV of this series. 

Other fossiliferous localities were discovered in 1965 by R. VaRveELtt, 
who sent us, for study purpose, the samples found there. Our thanks are 
due not only to R. VarveLir, who brought to light the fossils from the loca- 
lities mentioned in paragraphs 2.3. and 2.4., but also to the scientists who 
examined the large amount of paleontological material, P. D. W. Barnarp, 
A. Brrizzi1 Quarto pi Pato, M. Gaetant, C. Rossi RONCHETTI and A. V. 
SCHOUPPE. 


2.2. Wuran Shahr Pass no. 2. 


(Fossiliferous locality no. 2 on the Geological Map) (61 AFP-5).  Si- 
tuated 3 km north of Wuran Shahr pass, and 1 km north of height 3161, at 
9820 m above sea-level, in the small valley sloping down the west side of 
the Kalawch valley. 

Grey limestone of the Kalawch Limestone with: 

Cyrtospirifer verneuili (MURCHISON) 

Cyrtiopsis davidsoni barrauxensis GRABAU 


(1) Summary by C. Rosst RONCHETTI. 
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Camarotoechia sp. 
Productella sp. 
Age: Upper Devonian. Determined by M. Gaetan. 


2.3. Wuran Shahr Pass no. V. 1. 


(Locality not marked on the Geological Map) (65 AV-6). This locality 
is not marked on the Geological Map as it was discovered in 1965, that is, 
the year following the publication of the map (1964). Locality situated 
1000 m south-east of fossiliferous locality N. 2. 

Kalawch Limestone with: 

Fasciculophyllum multiseptatum ScHoupPE 

Zaphrentites sp.ind. 

Caninophyllum tomiense (ToLMAcHEv) 

Amygdalophyllum ? kalawchense ScHourPe 

Michelinia ? sp.ind. 

Age: Lower Carboniferous. Coral fauna gathered by R. Var- 
VELLI, 1965. Determined by A. v. SCHOUPPE, 


2.4. Wuran Shahr Pass. no. V. 2. 


(Fossiliferous locality not marked on the Geological Map) (65 AV-2). 
Situated 3 km north of the Wuran Shahr pass, at an altitude of 2840 m 
above sea-level, at the confluence of two small valleys sloping down from 
heights 3451 (south-west) and 3630 (north-west), on the west side of the 
Kalawch valley. This fossiliferous locality is not marked on the Geological 
Map as it as discovered after the publication of the map. The locality is 
situated approximatively 550 m west of fossiliferous locality N. 2. 

Black shale of the Furmoragh Formation, with: 

Pterophyllum filicoides (Schlotheim) Tuomas 

Pterophyllum kalawchiense Barnarp 

Otozamites ashtarense BARNARD 

Taeniopteris pseudobrevis BARNARD 
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Age: Upper Triassic. Plants collected by R. Varvetu, 1965. De- 
termined by P. D.W. Barnarp. 


2.5. Wuran Shahr Pass no. 1. 


(Fossiliferous locality no. 1 of the Geological Map) (61 AFP-1). On 
the Northern side of Wuran Shahr valley, at an altitude of 2470 m a.s.}. on 
the way to Wuran Shahr pass. Black microcrystalline, sometimes bitumi- 
nous, often laminated limestone of the Wuran Shahr Limestone, with: 

Ctenostreum proboscideum SoweRrsy 

Pholadomya canaliculata RoEMER 

Pinna sp. 


Age: Upper Jurassic. Determined by C. Rossi RONCHETTI. 


2.6. Baba Darwes no. 3. 


(Fossiliferous locality no. 3 of the Geological Map) (61 AD-30 bis). On 
the south-eastern slope of trigonometric point 1891,7 west of Baba Darwes. 
Not in situ. 

Brown and grey limestone of the Baba Darwes Formation with: 

Trigonarca sp. ind. 

Pinna arata ForsBES 

Pecten sp. ind. YABE 

Neithea gibbosa (PULTENEY) 

Pycnodonte vesicularis (LAMARCK) 

Lopha sp. ind. 

Arctica calabra (SEGUENZA) 

Aphrodina cf. plana (SowEnsy) 

Ichthyosarcolites triangularis DESMAREST 

Ichthyosarcolites tricarinatus PARONA 

Rudists aud brachiopods indeterminable. 
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Level 6 (61 AD-30/10): 
Hippurites sp. ind. 
Age: Cenomanian. Determinated by A. Benizz1 Quanto pr PALo, 


2.7. Between Darra Sarkhao and Doshi. 


(Fossiliferous locality outside the Geological Map) (61 AD-68). In a 
locality far to the south, relatively distant from the others, in the Cretaceous 
Limestone called « Massive Turonian limestone » by Popo: & Tromp (1954) 
were found: 

Pycnodonte vesicularis (LaManRcK) 

Pycnodonte vesiculosa (SowERByY) 

Cardita nicaisei CoQuanp 

Veniella sp. ind. 

Age: Cenomanian-Turonian. Determined by A. Benizz1 Quarto 
pr Pao. 


2.8. Mohammad Aba (Kishem) no. 5. 


(Fossiliferous locality no. 5 of the Geological Map) (61 AD-34), 1 km 
to the west of Mohammad Aba, a short distance away from the signpost at 
the border of the road, between Kataghan and Badakhshan, 1300 m a.s.l., 
in the Baba Darwes Formation, but from different strata, were found: 

Trigonarca diceras (SEGUENZA) 

Lima sp. ind. 

Amphidonte conica (SOWERBY) 

Pycnodonte vesicularis (LAMARCK) 

Pycnodonte vesiculosa (SowERBY) 

Ichthyosarcolites sp. ind. 

Rudists indeterminable. 

Age: Cenomanian-Turonian. Determined by A. Benizz1 Quanto 
D1 Pato, 
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2.9. Mohammad Aba (Kishem) no. 6. 


(Fossiliferous locality no. 6 of the Geological Map) (61 AD-34/1).  Si- 
tuated 2 km west of Mohammad Aba, on the hill north of the road, at an al- 
titude of 1420 m, and at the top of a series of strata which outcrop there. 
Grey limestone of the Baba Darwes Formation, with: 

Pycnodonte vesicularis (LAMARCK) 

Trigonia sp. ind. 

Aphrodina plana (Sowerby) 

Sauvagesia sanfilippoi Parona 

Haustator multiplicatus PcELInceyv 

Pleurotomaria sp. ind. 

Trochactaeon matensis (F1rTIpaLp1) 

Age: Cenomanian-Turonian. 

(61 AD-29) Locality situated slightly to the north-west of Mohammad Aba, 
near the preceding one. In the same formation were recognised the follow- 
ing species: 

Lima (Acesta) cf. obsoleta Dujarvin 

Pycnodonte vesicularis (LAMARCK) 

Hippurites 
Age: Upper Cretaceous. Determined by A. Benizzi Quarto pI 
PALo. 


2.10. Road to Farkhar. 


(Fossiliferous locality no. 4 of the Geological Map) (61 AE-87/11). On 
spur overlooking, to the north, the turning for Farkhar on the Talugan- 
Faydzabad road, at an altitude of 1400 m. Brown marly limestone of the 
Baba Darwes Formation with: 

Amphidonte columba (LAMaRCK) 

(61 AE-87/13). In the same locality, in the debris, were found the follow- 
ing: 

Amphidonte columba (LaManck) 
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Amphidonte conica (SowERBY) 
Pycnodonte vesicularis (LAMARCK) 
Inoceramus sp. ind. 
Thomasites sp. ind. 
Age: Turonian. 
(61 A-15) Locality situated in the Farkhar valley approximatively 4 km west 
of the road fork to Farkhar, in the Baba Darwes Formation were found: 
Pycnodonte vesicularis (LAMARCK) 
Echinoid 
Age: Upper Cretaceous. Fossils gathered by E. Martina of the 
Desio expedition (1961) and determined by A. Benizz1 Quarto v1 PALo. 


2.11. Baba Darwes no. 8. 


(Fossiliferous locality no. 8 of the Geological Map) (61 AD-49). West 
of Baba Darwes, at an altitude of 1850 m, slightly to the east of trigonome- 
tric point 1891,7. 

Grey limestone of the Baba Darwes Formation, with: 

Neithea (Neitheops) quinquecostata (SowERBY) 

Lima canalifera GoLpFuss 

Exogyra overwegi von Buc 

Exogyra sp. ind. 

Pycnodonte vesicularis (LAMaRCK) 

Rectithyris odiumensis Saunt 

Rectithyris cf. rotunda Saunt 

Rectithyris subdepressa (StoLiczKA) 

Age: Senonian. Determined by A. Benizz1 Quarto pt PALo. 


2.12. Baba Darwes no. 9. 


(Fossiliferous locality no. 9 of the Geological Map) (61 AD-35). In the 
western ridge of trigonometric point 1891,7 south-east of the Chenar-i-Gu- 
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njeshkan pass, at an altitude of 1780 m. Brown and grey limestone ot the 
Baba Darwes Formation with: 

Amphidonte decussata (GoLpFuss) 

Rectithyris subdepressa (StoLICzKA) 
Age: Senonian. 
(61 AD-37/1) Further to the north of the preceding locality, that is, north- 
west of Jeldragh, and still in the Baba Darwes Formation, was found: Pyc- 
nodonte vesicularis (LaMaxck), ranging from Albian to Upper 
Senonian. Determined by A. Benizz1 Quarto v1 Pato. 


2.13. Aq Bulaq no. 7. 


(Fossiliferous locality no. 7 of the Geological Map) (61 AE-69). On 
the northern summit of the crest sloping down to the north of trigonometric 
point 1804,4 3 km east of Aq Bulaq. 

Grey limestone of the Baba Darwes Formation with: 

Ceratostreon spinosum (MATHERON) 

Arctica sp. ind. 

The data are too poor for allowing exact dating of the outcrop. 

(61 AD-54). Between Aq Bulaq and road fork to Farkhar, above the Ka- 
lafghan salt mine, and still in the Baba Darwes Formation, was found Pyc- 
nodonte vesicularis (LAMaRCK) ranging from Albian to Upper Se- 
nonian. Determined by A. Benrzzr Quarto pr PALo. 


2.14 Kalafghan no. 10. 


(Fossiliferous locality no. 10 of the Geological Map) (61 AE-65). On 
the mountain 7 km north of Kalafghan, at an altitude of 1700 m. 
Grey limestone, and marl of the Bluti Formation, with: 

Ostrea (Turkostrea) afghanica ViaALov 

Fatina (Fatina) boehmi boehmi (ViaLov) 

Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, Partim V1aLov) 
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(61 AE-66) Approximatively 1 km west-southwest of the preceding deposit, 
at about 1700 m, and in the same formation were recognised: 

Ostrea (Turkostrea) afghanica ViALov 

Ostrea (Turkostrea) cizancourti Cox 

Fatina (Sokolowia) esterhazyi buhsei (Grewinck) 
Age: Middle-Upper Eocene (Alai-Turkestan stages) Determin- 
ed by A. Benizz1 Quarto pi PALo. 


2.15. Shiboglu Kotal. 


(Fossiliferous locality outside the Geological Map) (61 AD-58). To 
the west of Shiboglu Kotal, in the Ambar Koh Formation, are contained the 
following species of pelecypods: 

Ostrea (Cymbulostrea) multicostata DEsHayYES 

Ostrea (Flemingostrea) schurabica ViaALov 

Ostrea (Turkostrea) afghanica ViaLov 

Ostrea (Turkostrea) cizancourti Cox 

Ostrea (Turkostrea) khaudaguensis ViaLov 

Ostrea (Turkostrea) turkestanensis baissuncnsis BOHM 

Fatina (Sokolowia) esterhazyi bulisei (Grewinck) 

Cavilucina (Pegophysema) thebaica (Zrrre1) 

Ptcrolucina menardi (DESHAYES) 

Diplodonta cycloidea (BrLLarnt) 

Corbicula veneriformis (DEsHAYES) 

Meretrix aegyptiaca (MayEr-EyMan) 

Meretrix incrassata (SowERBY) 

Meretrix transversa (SowERBY) 

Venus everesti D ARCHIAC 

Venus cf. gumberensis p ARCHIAC 

Venus sp. ind. aff. matheroni Coquann 
Age: Eocene, between Thanetian and_ Priabonian 
(Bukhara, Alai-Turkestan stages). Determined by A. Berizzi1 Quarro pI 
PALo. 
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2.16. Tashkurghan. 


(Fossiliferous locality outside the Geological Map) (61-AD-59). In the 
mountains south of Tashkurghan, in in the Ambar Koh Formation, various 
levels yielded fossils, but the richest level was no. 9. 

Level 8 (61 AD-59/1): 

Ostrea (Turkostrea) afghanica ViaLov 

Ostrea (Turkostrea) cizancourti Cox 
Level 9 (61-59/3): 

Fatina (Fatina) beldersaiensis beldersaiensis (Gorizdro, partim VI1ALov) 
Fatina (Fatina) beldersaiensis romanowskii (BOHM) 

Fatina (Fatina) boehmi boehmi (ViaLov) 

Fatina (Fatina) boehmi_ transita (V1ALov) 

Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, partim V1ALov) 

Fatina (Sokolowia) esterhazyi buhsei (Grewinck) 

Venus everesti D ARCHIAC 
Level 6 (61 AD-59/5): 

Ostrea (Cymbulostrea) multicostata DESHAYES 

Ostrea (Turkostrea) khaudaguensis ViaLov 

Ostrea (Turkostrea) turkestanensis borgalensis V1aLov 
Level 7 (61 AD-59/8): 

Ostrea (Solidostrea) hemiglobosa RaMaNnowsky1 

styphaea (Gryphaea) latipyga ViaLov 

Gryphaea (Phygraea) tournali (DonciEvux) 

Age: 
Level 9, Upper Eocene (Turkestan stage) 
Level 8, Middle Eocene (Alai stage) 
Level 6, Middle Eocene (Alai stage) 
Level 7, Lower Eocene (Susak stage) 


Determined by A. Berizz1 Quarto pi PALo. 
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2.17. Ali Abad. 


(Fossiliferous locality outside the Geological Map) (61 AE-90). Sam- 
ples collected not in situ, among which the following were recognised: 

Ostrea (Turkostrea) afghanica ViaLov 

Ostrea (Turkostrea) cizancourti Cox 

Liostrea (Kokanostrea) kokanensis (SokoLow) 

Cardium halaense p ARcHIAC 
Age: Lower Eocene- Upper Eocene _ (Suzak-Turkestan sta- 
ges). (61 AE-91/2). Samples coming from a locality 4 km from Ali Abad, 
in the valley which slopes down the north-west side of Koh-i-yaka Badam, 
in the Ambar Koh Formation. The following were identified: 

Ostrea (Cymbulostrea) multicostata DESHAYES 

Cardium kanleanum Cotter 
Age: Middle Eocene-Upper Eocene (Alai-Turkestan stages). 
(61 AE-92) 8 km south of Ali Abad, in the Ambar Koh Formation, the fol- 
lowing species were recognised: 

Ostrea (Cymbulostrea) multicostata DesHaAyEs 

Ostrea (Turkostrea) cizancourti Cox 

Ostrea (Turkostrea) turkestanensis baissunensis BouM 

Diplodonta cycloidea (BELLARDI) 

Cardium halaense pv ARCHIAC 

Cardium kanleanum Cotter 

Arctica subathooensis (p'ARCHIAC) 

Arctica transversa (p’ ARCHIAC) 

Meretrix semisulcata (LAMARCK) 
(61 AE-10/1). Sample from the preceding locality: 

Ostrea (Turkostrea) cizancourti Cox 
Age: Eocene (Suzak-Turkestan stages). Determined by A. Benizzi 
QuarTo pi PaLo. 


2.18. Ambar Koh. 


(Fossiliferous locality outside the Geological Map) (61 AE-89/3). Le- 
vel 3 of the type-section of the Ambar Koh Formation yielded: 
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Pterolucina mokattamensis (OPPENHEIM) 

Pterolucina pharaonis bialata (BELLARD!) 

Pterolucina pharaonis pharaonis (BELLARDI) 

Cardium kanleanum Cotten 

Arctica transversa (D ARCHIAC) 

Meretrix semisulcata (LAMARCK) 
(61 AE-89/4). Level 6 yielded: 

Fatina (Fatina) beldersaiensis romanowskii (BOHM) 

Pterolucina pharaonis bialata (BELLARD1) 
Age: Eocene, from Ypresian to Priabonian (Suzak-Turkestan stages). 
(61 AE-89/7). From the samples collected not in situ the following forms 
were identified: 

Ostrea (Cymbulostrea) multicostata DEsHayEs 

Ostrea (Turkostrea) cizancourti Cox 

Ostrea (Turkostrea) khaudaguensis ViaLov 

Ostrea (Turkostrea) turkestanensis turkestanensis ROMANOSKYI 

Ostrea (Turkostrea) turkestanensis alaica ViaLov 

Ostrea (Turkostrea) turkestanensis borgalensis V1ALOV 

Ostrea sp. ind. ViaLov 

Liostrea (Kokanostrea) kokanensis (SoxoLow) 

Gryphaea (Gryphaea) smirnowi RomMaNnowsky1 

Gryphaea (Ferganea) sewerzowi RoMANOWSKYI 

Fatina (Fatina) beldersaiensis bcldersaiensis (Gorizpro, partim VIALOv) 

Fatina (Fatina) beldersaiensis romanowskii BouM 

Fatina (Fatina) boehmi boehmi (V1avov) 

Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, partim VraLov) 

Fatina (Sokolowia) esterhazyi buhsei (Grewincx) 
Age: The fossils not in situ must come from different levels of the Ambar 
Koh Formation, since the various species identified typify different stages 
of the Eocene. The formation may therefore be dated without any doubt 
to the Eocene. An interesting point is the finding of Gryphaea sewerzowi 
RoMAnowSkyI, mentioned so far only in the Oligocene. It seems highly pro- 
bable, therefore, that the same sedimentation conditions persisted even in- 
to the Oligocene, but the limited amount of samples does not allow a defi- 
nite conclusion to be reached. 
Determined by A. Benizz1 Quarto pr Pato. 
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2.19. Valley to the North of Hugi Jangal (Taluqan). 


(Fossiliferous locality outside the Geological Map). The samples are 
to be considered together with those above-mentioned because they come 
from the same zone, but they were collected on a different day: 

(61 AD-55) The forms identified are: 

Fatina (Fatina) beldersaiensis beldersaiensis (Gontzpro, partim VIALOov) 

Fatina (Fatina) beldersaiensis romanowskii BouM 

Fatina (Fatina) boehmi boehmi (ViaLov) 

Fatina (Sokolowia) esterhazyi esterhazyi (Pavay, partim V1ALov) 

Fatina (Sokolowia) esterhazyi buhsei (Grewincx) 

Age: Upper Eocene (Turkestan stage). 
(61 AD-55/1). 

Ostrea (Turkostrea) khaudaguensis ViaLov 

Ostrea (Turkostrea) turkestanensis baissunensis BOHM 
Age: Middle Eocene (Alai stage). 

(61 AD-55/2). 

Ostrea (Turkostrea) cizancourti Cox 

Ostrea (Turkostrea) khaudaguensis ViaLov 
Age: Middle Eocene (Alai stage). Determined by A. BeEnizzi 
Quarto D1 PALO. | 


2.20. East of Shiboglu Kotal. 


(Fossiliferous locality outside the Geological Map) (61 AD-57). On the 
east slope of Shiboglu Kotal, outside the zone considered, in the Ambar Koh 
Formation, only few forms were identified: 

Gryphaea (Ferganea) sewerzowi RoMANOWSKYI 

Amphidonte galeata galeata (RoMaNowsky1) 

Amphidonte galeata rotula (Viatov) 

Age: Middle Oligocene (Sumssar stage). Determined by A. Be- 
RIZZI QuARTO DI PALO. 


B. PETROGRAPHIC APPENDIX 


a. DESCRIPTION OF THE SPECIMENS OF METAMORPHIC 
AND PLUTONIC ROCKS FROM CENTRAL BADAKHSHAN (’). 


1. METAMORPHIC ROCKS. 


1.1. Faydzabad Gneiss. 


61 AP-30. . Biotitic-garnetiferous migmatitic gneiss. Way out from Faydza- 
bad to SE. 


Quartzous-feldspathic metasome prevails over microgranular gneissic 
palasome. 

Metasome is essentially formed by big roundish or elliptical phenocrys- 
tals of andesine 35% An, insered without apparent orientation in the rock in 
such a quantity that they contact with each other. They are surrounded by 
a microcrystalline quartzous rim and hy an aggregate of smal] biotitic lami- 
nae that shape its border. 

Biotite laminae are also poikilitically included into the feldspar together 
with granules of quartz and andesinic plagioclase belonging to palasome. 

In smaller quantity there are potash-feldspar eyes including very cor- 
roded granules of quartz and plagioclase. At the contact with this one 
marked myrmekitic concretions are developed. 

Quartz forms aggregates to microcrystalline rows in the interstices 
among the feldspathic eyes. In the transition zones, of the two types of 
quartz, there are medium-grained granoblastic structures in which quartz 
mingles with slightly altered andesinic plagioclase. Here is also plenty of 
biotite in large and very fresh laminae, diablastically joined, intensely pleo- 
chroic up to strong red-brown. Garnets have analogous dimension to the 


(1) By F. Forceta. 
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ones of the feldspathic idioblasts and sometimes perfect prismatic borders. 
They too, are surrounded by the quartzous microcrystalline rims, but main- 
ly by biotitic bundles with which they are sometimes interpenetrated. 

Late increases of biotite are often found in the fracture surfaces of gar- 
nets. 


61 AP-35. - Migmatitic banded-augen gneiss with biotite, garnet and silli- 
manite. Kokcha valley: altimetric point 1396,5 of the map. 


Regularly alternating bands of different composition, placed sub-parallel- 
ly and with lenticular espansions corresponding to feldspathic eyes are dis- 
tinguished. 

The schistose orientation is outlined by the presence of thick biotitic 
bundles mingled with column-shaped sillimanitic aggregates. Biotite and 
sillimanite are tightly joined to a fine quartzous aggregate with smaller quan- 
tity of plagioclase andesine 34-36% An. Along the same big roundish garmet 
phenocrystals including plagioclase relics and chloritized biotite are lying. 
Some plagioclases belonging to these zones appear as augen porphyroblasts 
quite saussuritized, partly filled by biotitic-chloritic felts with clearings of 
iron-oxides. 

The sialic bands have a plagioclase with analogous composition to the 
preceding one, but not very altered, intensely corroded by quartz that is 
placed in the greatest part of these bands. They are wide levels with inden- 
ted suturation. 

A feldspathic contribution in form of big eyes of oligoclase-andesine 30% 
An plagioclase with albitic twinning seems to coexist with this phase. 


61 AP-37. - Augen-banded migmatite. Kokcha valley: 500 m downstream 
from Kanga. 


The rock is made up of calcphyres bands with diopside, scapolite, horn- 
blende and titanite and sialic beds prevailingly formed by ortoclase. 

Calephyres have a light equigranular granoblastic structure with pre- 
valence of calcite and scapolite over the other components. In it the gra- 
nulations of iron oxides and the limonitic pigmentations are abundant. 

The sialic beds have a central part entirely made up of ortoclase crystals 
(2V = — 62°Np A (001) = 6° in granoblastic heterogranular aggregates, per- 
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fectly consolidated with each other and partially covered by a light altera- 
tion patina and a marginal part where quartz appears. This part becomes 
a microgranoblastic rim with prevailing quartz, sometimes placed in films 
with undulating extintion. Near the contact small quartz patches join the 
calcphyre texture. Quartz forms in the feldspathic aggregate small euhe- 
drals with mirmekitic concretions. 

Inside the sialic bands there are groups of crystals of diopside, horn- 
blende and titanite of much greater dimentions than the ones in the calcphy- 
res. In these zones scapolite is absent and calcite is limited to a few late 
uncomformable veins. 


61 AP-4]. - Migmatitic gneiss with biotite, amphibole and scapolite. Kok- 
cha valley: upstream from Kanga. 


The rock presents a schistose gneissic texture with granular bands with 
plagioclase, quartz, amphibole, and scapolite lepidoblastic beds with bio- 
tite, and concordant veins with quartzous-feldspathic composition. The 
gneissic bands have prevailing granoblastic structure with quartz and plagio- 
clase 90-92% An in granules of small and greater dimension among which 
the other components are distributed in different zones. 

There are enrichment zones in green hornblende and titanite, zones with 
biotite lamellae scattered in the sialic contexture, biotitic-amphibolic zones 
where biotite is gathered in lepidoblastic beds, while the dimensions of the 
laminae increase. These beds thicken at the contact with quartz-feldspathic 
bands and enrich in scapolite; also hornblende has greater idiomorphism and 
some pyroxenic crystals appear. There is so the passage to metasome in dis- 
continuous bands and lenses rather distant from one another. The greatest 
part of them is formed by quartz in big sutured levels, sometimes including 
small corroded parts of palasome. 

There are also potash-feldspar eyes that, at the quartz contact of the 
gneissic bands, have marked myrmekitic rims. 


61 AP-42, - Migmatitic garnetiferous gneiss poor in mica. Kokcha valley: 
upstream from Kanga. 


The prevailing part of the rock is a microgranoblastic aggregate made 
up of quartz and orthose in quite equivalent quantity, and of oligoclase 
in smaller quantity. 
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The homogeneity of this aggregate is only broken by some garnet idio- 
blast and by few iso-oriented laminae of green-brown biotite. Other conti- 
guous zones present a base aggregate of oligoclase plagioclase partially seri- 
cized with scarce medium-grained quartz clearly distinct from the one of 
the zone with potash feldspar. 

Among the micaceous elements are scarce muscovite and chlorite. There 
are also quartzous concordant strips with undulating extinction passing to 
potash-feldspar lenses, sometimes formed by a single idioblast, sometimes by 
groups of polygonal smaller crystals. 


61 AP-43. - Calcphyre with scapolite, hedenbergite, hornblende and _tita- 
nite. Kokcha valley: gully upstream Kanga. 


A base mass of calcite and scapolite includes pyroxene granoblasts, horn- 
blende and scattered titanite granules. 

Calcite and scapolite are generally grouped in patches with homoge- 
neous composition furnished with a banded disposition and seldom min- 
cled with each other. 

Among the coloured elements hedenbergitic pyroxene is rather diffused 
(2V = 68"; Ne A (001) = 49°) with not very noticeable pleochroism from 
light-brown to pale grass-green, with idioblasts up to centimetre dimensions. 

Homblende is in late genesis at the margin and inside the greatest heden- 
bergitic elements, with imperfectly formed crystals, sometimes in form of 
bands or flakes. It is distinguished from pyroxene on an intense bottle-green 
colour. 


61 AP-44. - Amphibolite. Gully upstream from Kanga. 


The rock has granoblastic equigranular and homogeneous structure. 

The essential components are plagioclase and hornblende in equivalent 
quantity. 

Quartz is a rather scarce additional component. Titanite, zircon and 
iron-oxides are abundantly scattered. 

Hornblende appears in good prismatic sections endowed with a sensi- 
ble orientation of C axes, with marked pleochronism Np = yellow-green, No 
= olive-green, Ns = brown-green. 
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Other optical features: 2V = 82°,N, AC=17’. 
Plagioclase often develops its cleavage borders though it is clearly 
anhedral as to amphibole. It is made up of labradorite 64-66% An. 


61 AP-45. - Migmatitic garnetiferous augen gneiss. Kokcha valley: below 
the altimetric point 1603 of the map. 


A palasome of two micas gneiss is clearly distinguishable by a feldspa- 
thic metasone with remobilization of quartz and neoformation of garnet. 

The gneissic portions show a marked orientation of the micaceous lepi- 
doblastic aggregates, in which big laminae of red-brown biotite prevail. 
They also contain rather dismembered and incomplete garnetiferous por- 
phyroblasts. 

Near the merely micaceous bands there are very quartzous gneissic zo- 
nes with scarce granules of andesine plagioclase 35-37% An and small biotite 
laminae in scattered isooriented order. 

Quartz sometimes forms long stripes or lenses optically unitary, produ- 
ced by increase and optical iso-orientation of former granules of the gneissic 
contexture. This quartz includes alignments of biotitic laminae without di- 
sturbing the previous orientation. The feldspathic eyes, often of great di- 
mensions, are formed by plagioclase andesine 40% An. 

They only partially develop their clearing borders, poikilitically include 
much corroded quartzous elements and fresh biotite films, present frequent 
albitic interlamellar segregations. 

Their augen form is more marked by the plastic deformations of the ag- 
gregates at their contact. 


61 AE-28. Paragneiss. Sum Darrah:right hand slope, 2240 m a.s.l. 


It is a distinct granoblastic mass with fine-homogeneous grain. Calcite 
granules prevail, quartz and plagioclase ones are in smaller quantity. Above 
all in the calcite there is a marked iso-orientation of the granules with con- 
sequent partial consolidating of them. As detrital elements also feldspathic 
sandstone and pegmatites appear, some of them have cm dimentions. 

There are also many prismatic neoformed diopside crystals (2V = + 54°, 
Z A C = 89°), augite (2V = + 56",Z A C = 40”) and titanite. 
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61 AE-29. - Amphibolic gneiss. Sum Darrah: right hand slope, 2250 m 
a.s.l, 


Rocks of blastic, not much oriented structure, with medium-coarse 
grain variable in the different places, made up of labradorite 54% An, bio- 
tite, hornblende and quartz. 

Rather marked paracrystalline deformations are noticeable mostly in the 
sialic elements. 


61 AE-30. - Amphibolite. Sum Darrah: right hand slope, 2280 m a.s.l. 


Rock with granoblastic equigranular structure, with cornubianitic look. 

Green hornblende (2V = — 84°, Z A C = 18°) and anortite 96% An are 
here mingled in equivalent quantity. 

There are also in smaller quantity diopside granules that are generally 
isolated and readsorbed by anortite. 


61 AE-31. - Amphibolite. Sum Darrah: right hand slope, 2280 m a.s.l. 


The rock presents a granoblastic structure dominated by crystals of rather 
variable dimentions of green-brown hornblende (2V = 90°, Z A C = 22”) in- 
cluding abundant roundish granules of titanite and with scattered intersti- 
tial granulations of opaque minerals probably ilmenite. 

An anortitic plagioclase (95-98% An) is scattered in isolated polygonal 
crystals in the amphibolic contexture. 


Some leucocrate veins are made of anortite, scapolite and diopside. 


61 AE-33. - Migmatitic augen gneiss with biotite, garnet and sillimanite. 
Immediately to the west of Khan-i-Awrvala. 


Rock with very marked schistose texture, with feldspathic eyes and gar- 
netiferous porphyroblast of macroscopic dimentions. 

The structure is lepido-granoblastic. Huge biotitic-sillimanitic bands 
alternate with sialic ones made up of quartz and plagioclase andesine 33-35% 
An. There are patches of iso-oriented biotite laminae wholly wrapped in 
quartz remobilized in form of big bodies with roundish or lobed borders, 
often elongated in form of ribbons. 
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61 AP-46. - Biotitic-garnetiferous gneiss with sillimanite. Kokcha valley, 

NW of Rabat. 

Quartz and plagioclase form a mass with very fine regular grain and 
granoblastic structure. 

In some zones there are long ribbons of optically unitary quartz with 
strong undulating extinction, accompanied with fine recrystallization at the 
margin. In the granoblastic mass quartz is very limpid and lacking in me- 
chanical deformations. 

Plagioclase corresponds to andesine, not much altered, in small equidi- 
mentional often well geminated crystals. There are also some plagioclasic 
porphyroblasts of analogous composition with a rim of incipient saussuritiza- 
tion. 

Biotite is scattered everywhere both in small tabular laminae and in long 
lepidoblastic iso-oriented bundles with undulating trend among which mi- 
crogranular fibrillar and column-shaped sillimanite aggregates are placed. 
Garnet appears with some crystals with polygonal border interrupted by the 
conglobating of quartz and feldspar granules and by biotite laminae. 

As additional elements there are titanite and iron oxides. 


61 AP-47. - Migmatitic muscovite garnetiferous paragneiss. | Kokcha val- 
ley, NW of Rabat. 


In a schistose contexture, with the composition of a garnetiferous para- 
gneiss with muscovite, there is the subsequent introduction of feldspathic 
beds and eyes. 

Palasome presents a granoblastic aggregate of acid andesine and quartz 
crossed by long and thick lepidoblastic muscovite bands, to which scarce 
biotite pleochroic laminae yellow-green and green-brown coloured are joined. 

In the micaceous beds big garnet idioblasts are abundantly laid. The 
feldspathic metasome appears in big augen elements placed in a discordant 
way too, in relation with the previous schistose orientation. Some of them 
are placed in glomeroblasts and sometimes they are aligned in beds along 
which there is a little remobilization of the quartz. 

Feldspar has the composition of andesine 31-32% An, often with fine 
crossed clearings (001) and (010) and albite geminations. 
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61 AP-48. - Marble with phlogopite and amphibole. Kokcha valley, NW 
of Rabat. 


The prevailing mineral is calcite in aggregate with mosaic structure 
and medium grain. 

The crystals are generally limpid, with neat marks of clearing and ge- 
mination. The reciprocal contacts often show a fine indenting to which also 
a turbid granulation is joined. 

There are some thin bands filled with microgranular calcite, of earlier 
generation that the last crystallization, in association with actinolite and sin- 
gle flogopite. In these bands calcite is clearly increased with amphibole 
that appears in de-fibred incolour crystals. 

On the contrary, phlogopite is extremely fresh, pleochroic, incolour to 
straw yellow or brown-reddish, both in lamellar aggregates and in isolated 
tabular sections, generally increased at the margin of the great calcitic 
prisms. 

These last are scattered outside the schistose bands and placed without 
preferential orientation. 


As additional minerals there are apatite and small titanite prisms. 


61 AP-96. - Fine-grained biotitic paragneiss. Khash valley, NW of Jurm., 


Schistose contexture given by isolated biotite lamellae rather abundant. 
Bottom mass of granoblastic quartz with clastic-psammitic residual form 
and with plenty of potash-feldspar and albite granules. The first is partial- 
ly substituted hy muscovite. Uncomformable veins with cataclastic quartz 
partially recrystallized, kaolinized cataclastic feldspar, well formed chlorite 
in twisted laminae and calcite. 


Additional elements: apatite, magnetite, zircon and titanite. 


61 AP-97. - Band with scapolite, actinolite, diopside, and titanite in fine bio- 
titic paragneiss. Khash valley NW of Jurm. 


Granoblastic mass of scapolite, in rather big equidimentional crystals, 
de-fibred prisms of actinolite in smaller quantity, scarce diopside, lozenge- 
shaped sections of titanite scattered everywhere. 
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6] AP-98. - Migmatitic banded augen gneiss with biotite, garnet and sillima- 
nite. Khash valley, NW of Jurm. 


Palasome is formed by a gneissic rock analogous to the sample 61 AP- 
46, made up of oligoclase-andesine 28% An, totally recrystallized granoblastic 
quartz, wide bundles of very fresh pleochroic biotite, microgranular and 
fibrous sillimanite felts, a few garnet idioblasts. 

Locally there are feldspar elements partially filled with muscovite lami- 
nae. Muscovite takes a chequered shape, with the meshes partially filled 
with feldspar. 

A clear sialic addition is given by plagioclase porphyroblasts and 
quartzous-feldspathic lenses and bands inserting in metasome, partly moving 
and partly including it. Plagioclase is an acid oligoclase 16-20% An, in ra- 
ther fresh crystals with nice albite twins. 

Porphyroblasts are moderately idiomorph with quartzous granules and 
very corroded biotite relics included. 

Quartz-feldspathic aggregates are made of single large specimens gathe- 
red in flooring aggregates in which metasome relics are evident also in form 
on thin granulations and micaceous beds. 


61 AP-99. - Fine-grained biotitic paragneiss. Khash valley, NW of Jurm. 


The rock is formed by a mass with granoblastic structure of quartz, 
feldspar and mica, interrupted by thin quartzous beds iso-oriented along a 
marked schistose texture. 

Granoblastic quartz appears in specimens of small dimensions, very lim- 
pid, as the one of the iso-oriented beds is characterized by a strong undula- 
ting extinction and by the lack of individual crystals. It is an aggregate in- 
creased, probably at expenses of the pre-existing cataclased crystals, and 
not fully recrystallized. 

Feldspar is formed by oligoclase-andesine, of analogous dimension than 
quartz, sometimes sericitized, scattered in proportion of 1:2 in relation with 
the last, without orientations or particular gatherings. 

Mica is partly made up of tabular biotite laminae, furnished with regu- 
lar and marked orientation, generally isolated, seldom gathered in lepido- 
blastic bundles or in radiate aggregates. Pleochronism is rather marked from 
straw-yellow or brown to brown-reddish very marked. 
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Muscovite is a secondary component that appears in rather irregular 
thin laminae along preferential beds, mainly at the contact with quartzous 
ribbons. 

Another secondary component is formed by actinolite prisms fractured 
or partially substituted by biotite of a light-green colour without pleo- 
chroism. They too, are along some beds concordant ith schistose orient- 
ation. As additional minerals there are many titanite granules and small 
magnetite sticks and interstitial fillings in the granoblastic mass. 

Some fractures are full of calcite and lamellar aggregates of chlorite 
rows intersecating the schistose trend of the rock at right angle. 


61 AP-100. - Amphibolic gneiss and calephyre bands with scapolite. Khash 
valley, NW of Jurm. 


The rock presents a thick alternance of thin bands of gneiss and cale- 
phyre compenetrating with each other at the contact and forming chaotic 
zones with microbrecciated look. 

The gneissic bands are mostly made up of andesine 33-35% An, in crys- 
tals of rather changeable dimentions and that often show the marks of deep 
mechanical deformations. Among them, in smaller quantity there are mi- 
crocrystalline quartzous aggregates, that underwent deformations after a 
phase of intense recrystallization. 

There are also anhedral yellow-greenish very pleochroic patches made 
up of quite chloritized hornblende. They are often placed along microfrac- 
tures partially filled with iron-oxides and calcite, near the calcphyre bands. 
An additional component much diffused is titanite. 

Calcphyres present a mass of fine and homogeneous granoblastic cal- 
cite containing some big calcitic specimens in form of flat relics oriented 
along the direction of the bands forming the rock; plastically deformed and 
with marked undulating extintion. 

In the calcareous mass there are also plently of scapolite idioblasts often 
grouped in thick gatherings with medium-grained floor structure, joined to 
homblende and recrystallized calcite. 

The contact between gneissis and calephyres bands is outlined by iron- 
oxides gatherings and by a more abundant development of titanite. 
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61 AP-101.- Saccharoid marble with iron minerals. Khash valley NW of 
Jurm. 


The rock is wholly made up of calcite with floor coarse structure with 
interstitial filling of iron minerals. 

The calcite crystals up to centimetre dimensions, are very limpid and 
bear very neat marks of clearing and gemination, this one sometimes bent. 
The borders of the granules are clear, neatly prismatic concretion indentings 
are seldom noticed. Along them and along the clearing passes, column-sha- 
ped prisms of magnetite are inserted, scattered everywhere abundantly. 
There are also scarce titanite granules closed into calcitic specimens. 


61 AP-105. - Migmatitic biotitic-amphibolic gneiss. East of Shahran. 


The rock is formed by a fine-grained granoblastic mass of quartz, pla- 
gioclase, biotite and hornblende penetrated by a quartzous-feldspathic meta- 
some. 

Palasome looks like a gabbroid rock with a plagioclase of high basicity 
corresponding to bytownite 75-85% An, always present with beautiful poly- 
synthetic twins as albite or albite-pericline. They often include quartz gra- 
nules, probably coming from gneissic palasome. 

Homblende is abundant in prismatic sections tightly grown with quartz- 
ous-feldspathic metasome. They are olive-green coloured, not very pleo- 
chroic, often joined to biotite. Biotite is scattered everywhere in smaller 
quantity than amphibole, in laminae without orientation. 

Quartz of late genesis is grouped in beds formed by very limpid crystals, 
with plane extintion, with big dimentions, up to 0,5 cm. Quartz of this ge- 
neration poikilitically includes rather big portions of metasome, intensely cor- 
roding the sialic components mainly. Quartz itself is limited to the portions 
in beds beyond which it has limited diffusion. 


61 AP-106. - Migmatitic augen gneiss with biotite. East of Shahran. 


The rock is formed by granoblastic quartzous-feldspathic levels with 
scarce mica and sialic, mostly feldspathic glomeroblasts. In the granobla- 
stic levels, there is plently of feldspar, formed by orthoclase and a plagioclase 
of medium acidity, corresponding to andesine 35° An, in the same measure. 
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Quartz is allotriomorph in relation with feldspars and is often placed in 
roundish granules outside them. Mica is given by small tabular biotite lam- 
inae without orientation and by scarce chlorite. Prevailing component of 
glomeroblasts is orthoclase. It appears in wide specimens with irregular bor- 
ders, covered by a light patina of kaolin alteration and crossed by gaps par- 
tially filled in sericite. Strongly corroded and sometimes fully included into 
the feldspar some augen poikiloblasts are noticed. They are made of pla- 
gioclase with analogous composition to the granoblastic aggregate, and full 
of quartzous drops. 


61 AP-125. - Diaftoritic garnetiferous micaschist. In the valley upstream 
from Sela-i-Kalan. 


It is a rock with marked lamellar schistosity, formed by thick lepidoblas- 
tic muscovite bundles. 

Among them there are quartzous stripes showing an old cataclasis par- 
tially restored, felt-shaped sericitic aggregates in form of eyes, thin chloritic 
beds with nematoblastic look, interlamellar clearings of limonitized iron-oxi- 
des. 

Garnet appears if form of nodules made up of separated granules, of 
quartzous patches and of biotite partially transformed into chlorite. At the 
contact with the granules the lepidoblastic boundles of muscovite show pas- 
sages to biotite. 


61 AP-134. - Garnetiferous paragneiss. Floor of the valley upstream from 
Palang Darrah. 


A quartzous granoblastic aggregate fully recrystallized with much in- 
dented and lobed margins, and marked undulating extinction is here pre- 
vailing. 

Feldspar is formed by some granules of oligoclase isolated in the 
quartzous mass, distinguishable in it for some thin trail of polysyntetic 
gemination and for a thin alteration patina. 

Among the micas the most diffused is biotite, in tabular pleochroic la- 
minae, straw-yellow to brown-greenish, often containing small zircon granu- 
les, inserted without orientation in the interstices of the quartzous aggre- 
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gate. Muscovite in similar form to biotite is not very abundant; some- 
times the awo minerals form small diablastic aggregates. 

Along some beds, richer in feldspar, muscovite appears in wider fresh 
laminae, also bent, as metablastic component made in later phase. There 
are also a few garnet prismatic crystals. 

As additional minerals there are a few apatite granules and iron oxides. 


61 AP-159. - Fine arenaceous calcschist with scapolite. Near Sar-i-Hau- 


vidz. 


Fine granoblastic structure slightly oriented. 

Prevailing component is calcite in crystals with polygonal borders, so- 
metimes with clastic form, or as fine cataclastic granulation. Some zones 
show a more intense crystallization with orientation of the bigger crystals in 
bands conformable with the schistose orientation. In the zones with finc- 
grain there is an argillous-limonitic intergranular film that thickens in lami- 
nae conformable with the schistosity. 

Among the elements with sure detrital origin, quartz in small granu- 
les with the borders sometime increased with calcite, or round-shaped, pre- 
vails. Plagioclase granules are scarce. Magnetite granules are rather dif- 
fused. 

Into this fundamental mass some scapolite idioblasts with the borders 
partly increased with calcite, partly prismatic are noticed. The biggest of 
them are dismembered by big gaps filled by calcitic microgranulations. 
Near them there are sometimes grawing muscovite lamellae. 


61 AP-161.- Bands of biotite augen gneiss, and rock pyroxene, scapolite, 
amphibole, and titanite bearing. East side of Kotal-i-Dar Khan. 


The gneissic bands are formed by a regular medium-grained floor ag- 
gregate of crystals of quartz, oligoclase andesine 28-30% An and orthose with 
many plagioclase porphyroblasts and glomeroblasts with analogous compo- 
siton as hosts. These include strongly corroded quartz and orthoclase. 
Many tabular biotite laminae are scattered in diffused but iso-oriented 
order. A band with gabbro-dioritic composition appears near the preceding 
one. In it there is an abrupt increase of the grain and plenty of green horn- 
blende appears. In the sialic part oligoclase-andesine crystals prevail. They 
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are isometrical and often poikiloblastic because of the inclusion of quartz 
roundish granules. 

Also hornblende, though more idiomorph, is shaped at the borders of 
the quartzous granules of earlier generation. 

There are also bands with scapolite, uralized pyroxene, amphibole tita- 
nite, plagioclase, poikiloblastic and recrystallized quartz. 

They often present the typical structure of cornubianites, with marked 
idiomorphism of scapolite and xenomorphism of plagioclase, the poikilo- 
blasts of which are sometimes rather big and with augen form. 

Quartz is partially remobilized and placed in veins sub-concordant with 
the schistose orientation. 

Some thin veins of microcrystalline quartz intersecate all the above 
described bands indistictly. 


61 AD-13. - Fine-grained paragneiss with biotite and garnet. 5 km upstream 
from Tergeran (Warduj). 


A medium fine-grained rock with a granolepidoblastic texture. It has 
a schistose and clearly banded texture, which is emphasised by the iso-orien- 
tation of the mica aggregates. A second arrangement of planes of schistosi- 
ty exists, less apparent than the first, and transverse to it. The sialic 
part is made up of small aggregates of quartz, with an undulatory extinc- 
tion and with sutured margins, sometimes joined in extended bands with a 
leptinitic texture. Associated with the quartz are plagioclase crystals, 
often twinned and of an albite-oligoclase composition. Large poikiloblasts 
of garnet are scattered in the section, they include crystals of quartz 
with a clear extinction. This fact, and the arrangement of the bands of 
leptitinic quartz around them, indicate that the crystallization of the garnet 


is subsequent to the dynamic phenomena which caused the compression of 
the rock. 


61 AD-15. - Biotitic amphibolite. About 3 km downstream from Terge- 
ran (Warduj). 


A rock with a nematoblastic texture, passing to lepidoblastic, with an 
orientation which is not very apparent, and is emphasised only by a slight 
iso-orientation of the small micaceous flakes. Amphibole of the hornblende 


METAMORPHIC ROCKS 535 


variety (c: Y 10-23") is the most abundant costituent, followed by biotite and 
plagioclase of a composition 50-70% An (andesine-labradorite). The plagio- 
clase is crystallized in the interstices left by the other minerals, and shows 
saussuritic alteration. 


1.3. Kara Mughul Gneiss. 


61 AP-50. - Calcphyre with quartzous feldspathic bands. In the valley 
between Cakolc and Tolbuzanak. 


The rock presents a rather complex granoblastic structure, with a mo- 
derate orientation. 

Prevailing calcphyres zones with big feldspathic granules and quartz- 
feldspar zones are distinguishable, but there is no sharp limit between the 
two. 

Calephyres are essentially made up of spathic calcite with paracrystal- 
line deformations, scapolite, pyroxene (salite) and titanite. 

Green hornblende appears in subordined quantity. 

There are marked unhomogeneities in the distribution of these com- 
ponents specially of calcite that is grouped in beds and veins with variations 
in the granulometry of the elements, often including much corroded granules, 
roundish and deformed of quartz and feldspar. 

Also scapolite gives rise to enrichment in granoblastic bands often with 
calcite cement. 

The sialic bands are formed by anhedral specimens of quartz, labrado- 
rite 65-66% An and potash-feldspar, among which microcline. 

All these components underwent paracrystalline deformations, thickly 
interpenetrating with one another and sometimes increased with elements of 
calephyres, mainly with calcite and pyroxene. 


61 AP-52. - Biotitic garnetiferous paragneiss. In the valley between Ca- 
kolc and Talbuzanak. 


It is a regular grano-lepidoblastic aggregate of quartz, feldspar and bio- 
tite, with garnet granules diffused in moderate quantity. 
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Quartz appears both in polygonal sections and in sutured lenses and 
levels with undulating extintion. 

Feldspar corresponds to andesine plagioclase 34-35% An and has a form 
not different from quartz, both of them are quite lacking in alterations. 

Red-brown biotite, intensely pleochroic, is placed in an homogeneous 
way with groups of very iso-oriented laminae accompanied by thin interla- 
mellar strips of ilmenite. 

Garnet is made up of small granules with polygonal borders, very fresh, 
scattered with no relation with the other components. 


61 AP-52. - Amphibolic gneiss. 1 km W-SW of Talbuzanak. 


It is an amphibolic gneiss very rich in andesinic plagioclase, 44°-45° 
An forming a fine-grained floor contexture together with a subordered quan- 
tity of quartz. In this contexture there are small elongated prismatic crys- 
tals of hornblende with marked pleocroism (Np = light green, Nm = straw- 
yellow, Ns = blue-green), both isolated and grouped in thin beds that are 
seat and rectilinear. 

As additional minerals there are small granules of magnetite and apa- 
tite. 


61 AP-58. - Amphibolic albitized gneiss. On the south side of Zyrat-i- 
Kwaja pass. 


The prevailing structure is heterogranular granoblastic, with floor ag- 
gregate rather fine and homogeneous of quartz and plagioclase with amphi- 
bolic and plagioclasic porphyroblasts as hosts. 

The form of plagioclase inclines to idiomorphism that is developed 
mainly in the specimens of bigger dimensions. Near them other big plagio- 
clase specimens with analogous composition (andesine 40% An) are develo- 
ped. These ones, on the contrary, are as borders of the floor aggregate and 
include some of its crystals poikilitically. These specimens are intersecated 
by a thick net of microfractures oriented and filled with a feldspar with 
low index of refraction, optically positive, corresponding to albite. 

Albite itself is inserted among the twinning lamellae and along the 
clearing planes of the plagioclasic xenoblasts intruding also the fractures in- 
tersecanting quartz and the intergranular gaps of the floor aggregate. 
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In concomitance there is the development of sericitic oriented lamellae 
in the plagioclases, the amphibole corresponds to a pleochroic hornblende 
with Np = light yellow, Nm = green-light yellow, Ns = light green, in pris- 
matic crystals of very changeable dimensions, sometimes in small granules 
associated with a few crystals of epidote, titanite, and magnetite. 


61 AE-l. - Biotitic-garnetiferous paragneiss. West of Faydzabad. 


Regular grano-lepidoblastic structure, with fine-medium grain. The 
rock is mainly formed by quartz, sometimes with undulating deformations, 
and by andesine not zoned xenoblasts imperfectly geminated. 

Biotite appears in discontinuous beds, but with large and fresh laminae. 

Garnet is scarce and with small dimensions. Ilmenite is abundant. 


61 AE-3. - Biotitic paragneiss. Near Absiti. 

In a granoblastic contexture of quartz and plagioclase andesine, there 
are a few iso-oriented laminae of biotite. 
§1 AE-13. - Biotitic epidotic blastomylonitic gneiss. Near Itarci-i-Bala. 


Quartz is placed in lenses and microgranoblastic oriented stripes among 
hig brocken and bent crystals. 

Fine granules of epidote are scattered in the mylonitic contexture.  Bio- 
tite is in ragged and bent rows, with rather altered laminae. 


61 AE-15. - Gneissic blastomylonite. West of Kuri. 


The rock is formed by a fine quartz-biotite mass mixed with altera- 
tion products of feldspars including big roundish relics of andesine plagio- 
clase with marked bends in the gemination planes. 

There are also sinuous rows of micro-granoblastic quartz. 


1.4. Halqa Jar Amphibolite. 


61 AP-53. - Slight schistose amphibolite. Above Deh Mianah. 


The rock is characterized by plagioclasis-amphibolic aggregate in which 
bigger amphibole idioblasts come into evidence. 
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In the aggregate, with medium-grain, in equivalent proportions there 
are mingled a very fresh plagioclase, often geminated, sometimes zones cor- 
responding to andesine 47% An and hornblende in prism with rows of small 
granules. These rows have iso-orientation, in conformity with the light schis- 
tose texture of the rock. They have perfect crystalline form, with marked 
pleochronism: Np = light green, Nw = green-yellow, Ne = blue-green, in 
which there are frequent inclusions of ilmenite. 

The interlamellar segregations of iron oxides are frequent. 


61 AP-54. - Epidotic amphibolite. Southern side of Zyavrat-i-Kwaja pass. 


The rock has an unhomogeneous distribution of sialic parts with scatte- 
red granules of epidote and amphibole and only amphibolic parts. |The 
structure changes from fine-flooring in the sialic zones to coarser granoblas- 
tic and oriented in the amphibole zones. 

In the light zones the only sialic component is a plagioclase with me- 
dium basicity (andesine) among the specimens of which there are small 
hornblende granules and beautiful elongated prisms, perfectly idiomorph 
and colourless of clinozoisite (Ne A (001) = 14’), At the contact with the 
amphibolic zones, clinozoisite becomes more frequent and is quite lacking 
inside the zones themselves. In them hornblende has great development in 
thickly compenetrated specimens with some orientation of the C axes. 

Granulations of magnetite are frequent. 


61 AP-55. - Actinolitic schist with diopside and sialic lenses. Southern 
side of Zyarat-i-Kwaja pass. 


The prevailing part is formed by sub-idiomorph actinolite prisms dia- 
blastically intertwisted, thickly interpenetrating with one another, endowed 
with some orientation at zones. Among them isolated diopside granules are 
inserted. They have anhedral indented borders fringed along clearing pla- 
nes. There are also granoblastic feldspathic lenses made up of a plagiocla- 
se anortite 90-92% An. 

Epidote and zoisite prisms are joined to the feldspar. 

In the short passage zones to the feldspathic lenses some big epidote 
crystals develop into the amphibolic aggregate. 
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61 AP-64. - Amphibolite with sialic bands. Southern side of Zyarat-i-Kwa- 
ja pass. 


The rock is formed by the alternating amphibolitic and quartz-feld- 
spar bands. 

Plagioclase has analogous composition in the zones and corresponds to 
andesine 32% An. In the amphibolitic zones it is in polygonal small shaped 
granules, in the sialic ones it forms a floor aggregate of wider limpid crys- 
tals geminated as albite and albite-pericline. The plagioclasic aggregate 
of the sialic bands includes small roundish granules of quartz They are pla- 
ced also inside the feldspathic crystals, Forms of graphic concretion are no- 
ticed too. As feldspar is often interested by post-crystalline deformations, 
quartz is lacking in it. In the amphibolitic zones quartz is absent. 

Amphibole is represented by very elongated hornblende prisms with 
intense olive-green and yellow-green colour, not very pleochroic, associated 
with titanite and zircon granules. 


6] AP-112. - Fine slightly schistose amphibolite. Near Darel. 


The composition is similar to the sample 61 AP-53. 
Here there is a smaller more homogeneous grain, and a more regularly 
oriented distribution of the amphibolic prisms. 


61 AP-113. - Migmatitic rock. 400 m upstream from Darel. 


Metasome has a prevailing part in the rock with plagioclase crystals 
of very variable dimensions, confusedly compenetrating and pushing the 
preceding feldspathic elements to the borders. It is andesine 47-49% An, 
rather turbid with frequent geminations, but imperfectly formed and sub- 
sequently brocken or bent, sometimes poikilitic for intrusions of homblende 
and plagioclase belonging to palasome. 

This one has a composition similar to the former that can have been 
changed during the last intense recrystallization it suffered. 

To plagioclase of palasome plenty of green hornblende is joined. 

It is transformed into rags and de-fibred relics or granular trails at the 
borders of neosomatic porphyroblasts by the corrosion caused by the sialic 
addition. 
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61 AP-114.- Calcphyre with pistacite, paragasite and garnet. Near the 
mill, 2 km south of Muzung. 


Calcite forms a wide and homogeneous medium-grained floor aggrega- 
te. In it amphibole, epidote, garnet and iron-oxides are scattered as fine 
granulation or irregular aggregates. 

Quantitatively an epidote of pistacite type prevails. It has strong in- 
clined dispersion, yellow-brown colour, not pleochroic. 

The form is finely granular but sometimes there are well-shaped crys- 
tals with a good clearing (001). Amphibole is represented by tabular idio- 
morph prisms of small dimensions of pargasite, colourless at the borders, and 
progressively coloured towards the centre where intense pleochroism is no- 
ticed in the following colours: Np = yellow-greenish, Nm» = emerald-green 
and Nz = blue-green. 

The pargasite crystals are joined to the epidote ones but in smaller 
quantity. Garnet corresponds to a term of the grossularite-andradite, 
brown pale rose coloured, in strongly dismembered porphyroblasts and crys- 
talloblastically increased with calcite. A granulation of iron oxides that 
show crystals with cubic or hexagonal shape is also scattered. 


61 AP-123. - Actinolitic-epidotic schist partially serpentinized. Mead of 
Sela-i-Kalan valley. 


Big actinolite fibrous crystals, with gaps and folds, ending in shape of 
flames, are into a felt aggregate of thin actinolitic fibres and antigoritic pat- 
ches. 

Some zones show abundant epidote. Serpentinization goes on inside 
the amphibolic crystals along the gap zones and outside. Just some iso- 
oriented lamellae following axis C are the relics of some big crystals. 
They have unitary optical characters, among which the laminae of antigo- 
rite increase in normal trend to them. The external shape of the crystals is 
mucc deformed, generally lanceolate. The felt surrounding them made up 
of a very compact aggregate of small antigoritic lamellae of which thin fibril- 
lous bundles remain. They have sinuous trend of actinolite. Epidote appears 
among serpentinuous felt in fine granules rather turbid, gathering to form 
wide floor aggregates. 
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61 AP-124. - Actinolitic schist. Near of Sela-i-Kalan valley. 


The rock is quite completely made up of actinolite in different form. 

Thee is a very compact microgranular aggregate, composed of small 
tabular prisms, passing to fibrillous bundles folded or placed in form of rose. 
In it big column-shaped lanceolated prisms are placed in oriented bundles. 
At the contact between the two zones there are tufts of lanceolated elements 
of intermediate dimensions. 

Rather seldom nests of incipient serpentinization appear in form of anti- 
goritic patches. 


61 AP-127. - Fine-grained amphibolite. 2 km NE of Sela-i-Kalan. 


It is a type showing prevalence of amphibole on feldspar, both of them 
in form of xenoblasts placed in homogeneous aggregate. Feldspar is an oli- 
goclasic plagioclase generally lacking in geminations, often with sutured pat- 
ches with irregular borders. Amphibole corresponds to markedly pleochroic 
hornblende in the following colour: Np = grass-green, Nw = olive-green, 
Ne = blue-green. Its form is quite tabular prismatic, but it is often intru- 
ded by plagioclase. A thick granulation of zircon, apatite, or magnetite is 
scattered everywhere and poikiloblastically included into essential compo- 
nents. 


61 AP-132. - Massive amphibolite with sialic spots. Near Deh-i-Tagab. 


There is a rather irregular feldspathic contexture overlying amphibolic 
patches made up of specimens of different dimensions without orientation. 

The feldspathic mass is prevailingly made by fine floor aggregate of 
crystals of andesine 48-50% An containing anhedral poikiloblasts of a more 
acid, oligoclasic plagioclase, riddled with acicular oriented prisms of zoisite 
and irregularly dotted for variations in the composition, and alteration zones 
in sericite. Amphibole is formed by green hornblende not very pleochroic 
the prisms of which, of different dimensions, sometimes very big, gather in 
diablastic aggregates mingling just at the margin with the feldspathic aggre- 
gate. Titanite is an additional very diffused element. 
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6] AP-133. - Zoned amphibolite. Near Palang Darrah. 


The rock is composed of amphibole and plagioclase mingled in different 
form and proportions in thickly alternating beds. 

The thickest beds present an homogeneous mixture of amphibole and 
plagioclase in quite equivalent quantity, having magnetite and titanite gra- 
nules as abundant additional components. In this fine-grained aggregate 
anhedral plagioclase is given by oligoclase and amphibole by yellow-green 
not ver pleochroic hornblende in small idiomorph prisms. With an increase 
in the dimensions of the hornblende crystals there are exclusively amphi- 
bolic beds with rather marked interstitial segregations of magnetite. 


1.5. Kurkhu Gneiss. 


61 AP-92. - Migmatitic biotitic-garnetiferous gneiss. Kurkhu valley, near 
the confluence of a right river. 


The rock presents a rather heterogeneous structure with sialic involved 
bands plunged into a fine-grained schistose matrix. The sialic contexture is 
made up of roundish plagioclasic and augen crystals of different size, cove- 
red by a diffused kaolinic patina and imperfectly geminated and by glome- 
roblasts of ortose, oligoclase and pertite with myrmekitic concretions. 

Their composition is the one of oligoclase 28% An, twin Albite ala. 
Quartz is in two different forms: an older one in granoblastic aggregates 
with isolated specimens with polyhedric borders, generally fractured, another 
of later crystallization in sutured patches in thick indentings gathered in 
elongated bundles often in the same way of the micaceous bands. These 
have tortuous form with sudden expansions given by patches of wide tabu- 
lar laminae and following gatherings in fibrous rows of microlamellae made 
turbid by iron-oxides, and partially chloritized. In the expansion zones 
there are garnetiferous porphyroblasts. A rather frequent additional ele- 
ment is zircon. 
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61 AP-93. - Migmatitic augen gneiss with biotite, garnet and sillimanite. 
Kurkhu valley, 3320 m a.s.l. 


There is a distinct palasome of fine biotitic-chloritic gneiss and a fol- 
lowing feldspathic contribution accompanied with recrystallization and in- 
crease of biotite and neoformation of garnet. 

In palasome quartz is intensely recrystallized and moved along the schi- 
stosity planes in form of concordant bundles of sutured patches enclosing a 
smaller quantity of acid plagioclase. Biotite and chlorite, form in these 
zones an irregularly oriented boundle of fine laminae. In this contexture 
there are feldspathic porphyroblasts of different dimensions, made up of oli- 
goclase 25% An seldom geminated as Albite ala, slightly altered, enclosing 
small myrmekitic zones and often with a rim of albitic composition. To it 
ortose and pertite crystals are associated in smaller quantity. Together with 
the growth of porphyroblasts there is the increase of micaceous lepidoblastic 
beds with big fresh laminae of biotite, microgranular aggregates of sillima- 
nite and garnetiferous porphyroblasts of exceptional dimensions, with par- 
tial substitution by chlorite. 


61 AP-94. - Migmatitic diaftoritic gneiss. Middle Kurkhu valley. 


Principal features are an intense lamination and a diaftoritic alteration 
with kaolinization of feldspars and chloritization of biotite. 

The lamination appears along oriented planes that generally bend at the 
contact with feldspathic porphyroblasts, marked by a total chloritization of 
biotite and by an intense cataclasis of quartz, with subsequent partial blaste- 
sis. The feldspathic porphyroblasts, of prevaling oligoclasic composition, 
and with a smaller quantity of orthose, compressed among micaceous beds 
took augen forms up to lanceolated as they are lacking in deformations for 
fracture. Their kaolinization appears in spots with variable entity, someti- 
mes very intense. 


61 AP-95. - Ortogneiss with biotite. Lower Kurkhu valley. 


It is a massive, medium-coarse grained rocks that looks like a diorite. 
It is formed by plenty of roundish porphyroblasts of oligoclase, by wide 
patches of quartz passing in the contiguous porphyroblasts to a micro- 
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granular aggregate. The additional elements are made up of lamellar 
rather curled groups of biotite shaped at the borders of porphyroblasts, by 


chlorite of secondary formation and some titanite granules. 


1.6. Tarang Gneiss. 


61 AP-84. - Granodiorite gneiss. Left side of the Warduj, in front of Ush- 
kan. 


The rock shows a slightly oriented texture of the micaceous components, 
rather scarce in the total composition. It is a very sialic term, rich in quartz 
and plagioclase, with smaller quantity of potash-feldspar. 

Plagioclase appears in a group of roundish granules aligned as the schi- 
stose texture, strongly corroded by quartz and easily substituted by potash 
feldspar. Their composition is oligoclase 28% An. Quartz forms wide pat- 
ches with minor sutured elements, endowed with marked undulating extin- 
tion. It shows gathered corrosion borders in comparison with feldspars and 
marked graphic and myrmekitic concretions. Potash-feldspar forms anhe- 
dral crystals of variable size that sometimes substitute plagioclase and often 
include quartzous nests. Micas are exclusively made up of green very 
pleochroic biotite in isolated laminae or gathered in short discontinuous beds. 


61 AP-85. - Amphibolic gneiss. Left side of the Warduj valley in front of 
Ushkan. 


The granoblastic structure is rather homogeneous with slight premi- 
nence of the sialic components on the femic ones. 

A very regular aggregate made up of plagioclases of medium basicity 
(andesine) partially euhedral, sometimes zoned and of quartz in smaller gra- 
nules and aggregates with marked undulating extinction similar to cataclas- 
tic lying in sub-oriented lenses also in association with mafic elements, is pre- 
vailing. Among the dark minerals there is hornblende with the following 
pleochronism: Np = yellow-brown, Nu = bottle-green, Ne = bright green, 
in short prisms, with well developed rhomboidal sections. To them beau- 
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tiful tabular laminae of pleochroic biotite straw-yellow and olive-green co- 
loured, very much oriented are joined. Biotite itself, without or with scar- 
ce hornblende, forms dark lepidoblasts beds made up of iso-oriented groups 
of fresh and big laminae. 


61 AP-86. - Migmatitic gneiss. Right hand side of the Zardew valley, near 
Kurkhu village. 


A quartzous crystalloblastic aggregate including feldspathic porphyro- 
blasts of various entity is noticeable. Micas are in subordinate quantity. 

Quartz appears in sutured beds locally oriented, passing to granoblastic 
patches of variable granulometry. After a phase of intense cataclasis, quartz 
appears remobilized and partly totally recrystallized, in persisting stress con- 
ditions. In it very turbid feldspathic granulation of uncertain determina- 
tion are noticeable. Porphyroblasts are formed by potash-feldspar and oli- 
goclase (17-18% An 2V = 86’) with host antipertitic inclusions of orthose. 
All the feldspars appear much corroded by quartz and filled with crystalline 
quartzous nests very limpid and with no deformations. 

Micas are given by a few lamellar groups with ragged borders, of 
green-brown coloured biotite. 


Scarce additional minerals are apatite, titanite and iron oxides. 


61 AP-87. - Microgranodiorite. Right hand side of the Zardew valley, 
near Kurkhu village. 


In this rock is noticeable a fine ipidiomorph granular structure to which 
a regular quartz-feldspathic aggregate and plently of mafic elements contri- 
bute. 

The sialic components are represented by quartz and plagioclase in 
quite equivalent quantity, and by potash feldspar in smaller quantity. Pla- 
gioclase is composed of crystals, sometimes euhedral, of acid andesine of 
slightly bigger size than the others. Quartz is marked anhedral, much cor- 
roded by feldspar and with marked undulating extinction. The mafic min- 
erals appear with plenty of chlorite and green hornblende, placed both in 
scattered way and in groups in form of oriented trails. An additional ele- 
ment rather frequent, is titanite. There are also apatite granules. 
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61 AP-158. - Migmatitic plagioclasic augen gneiss. Right hand side of 
the Zardew valley near Pejuje Yabad. 


In a schistose-nebulitic very micaceous texture, characterized by _ ir- 
regular distribution of the sialic elements, big feldspathic eyes are inserted. 

The gneiss mass is prevailingly made up of plagioclases of medium aci- 
dity, with variable dimensions and shapes, with evident mechanical para- 
crystalline deformations. The granules of potash-feldspar are scarce. Quartz 
appears in sutured patches formed by partial crystalloblastesis after intense 
cataclasis, placed along the borders of the feldspatic granules, or as filling 
of microgaps, obliquely oriented with relation to the schistosity. Biotite 
forms lepidoblastic aggregates rather discontinuous, with quick deviations 
and breacks at the contact with the feldspathic crystals of bigger dimen- 
sions, that appear grown afterwards. 

The augen inclusions appear as composed of glomeroblasts made up 
of big plagioclasic specimens intimately increased, including quartzous drops 
with analogous composition with the surrounding gneissic mass. 


61 AD-8. - Gneissic granodiorite. Warduj valley: few kilometres from 
Ushkan. 


A rock with a hypidiomorphic granular texture of medium-coarse grains, 
with an orientated texture, emphasised by the micas, among which biotite 
is the most common. The biotite is sometimes arranged in polygonal arcs. 
The quartz is predominant, and has an undulatory extinction. It is often 
in a myrmekitic intergrowth with the oligoclase (20-80% An). The oligocla- 
se is also present as individuals without inclusions, and is sometimes twin- 
ned. Large poikiloblasts of garnet are present, and together with apatite 
and zircon form the accessory minerals of this rock. 


1.7. Orthogneiss. 


61 AP-79. - Migmatitic augen orthogneiss with biotite. Near Ardar. 


The rock presents a fine granular portion essentially plagioclasic full 
of wide quartzous patches and by plagioclase porphyroblasts with more acid 
composition, included afterwards. 
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The fine granular mass presents an andesinic plagioclase that seems par- 
tly recrystallized in granoblastic way. It is reduced in narrow strips 
among the porphyroblasts of metasome and partially filled by patches of bio- 
titic laminae of neoformation placed without orientation. A quite conti- 
nuous biotitic border sorrounds the porphyroblasts. These show two fol- 
lowing generations of which the first is made up of zoned specimens of an- 
desine 33-35% An, with medium size, interested by post-crystalline deforma- 
tions and a second with plagioclase of analogous composition in crystals of 
very big dimensions, not zoned, more limpid and with no deformations. 


61 AP-80. - Biotitic orthogneiss. Blocks of the Ardar landslide. 


Medium-grained rock rather oriented very rich in feldspars also in au- 
gen parphyroblasts and with discontinuous biotitic beds. Among the feld- 
spars there is little potash-feldspar and much andesine 33% An, in an 
aggregate of anhedral granules of variable dimensions. Quartz appears in 
wide fractured patches, in granoblastic aggregates of later crystallization 
and in myrmekitic concretions with plagioclase along the contact margins 
with the potash-feldspar. The Jepidoblastic beds of biotite, endowed with 
orientation, are shaped at the borders of the feldspathic porphyroblasts. Al- 
so isolated tabular laminae of neoformation without orientation are present. 


61 AP-82. - Migmatitic augen orthogneiss with biotite. Upstream from 
Dashtek. 


The rock differs from sample 61 AP-79 only in the presence of potash 
feldspar in the fine anhedral aggregate forming palasome. 


61 AP-102. - Augen orthogneiss with biotite. Darrah-i-Khash valley. 


The rock is prevailingly made up of potash feldspar and quartz in 
smaller quantity by plagioclase. 

The mafic elements are formed by lamellar groups of green biotite part- 
ly chloritized and by abundant titanite prisms. In the sialic part fine gra- 
noblastic groups of microcline and quartz are placed in zones oriented 
among bigger quartzous patches mingled with microcline xenoblasts and a 
few sub-idiomorph crystals, generally of medium-large size, of acid oligo- 
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clase 20-23% An. Microcline also appears in big augen porphyroblasts in- 
cluding oligoclase granules with more acid border of albitic composition. 


61 AP-108. - Migmatitic gneiss with muscovite and garnet. Upstream 
from Naw Abad. 


In a quartzous feldspathic microgranoblastic aggregate roundish and 
augen porphyroblasts of microcline are included. 

Micas are only in few discontinuous beds of muscovite with some bio- 
tite Jaminae, associated with garnet and epidote granules. 

The microgranoblastic aggregate is made of microcline, quartz, thickly 
grown in graphic micropegmatitic forms, and by oligoclasic plagioclase. 
Porphyroblasts, made up of microcline with perthitic clearings of albite, cau- 
se the deflection and the mould on them of the microgranoblastic aggregate 
and the mafic beds. It is also recognizable quartz of early generation in ca- 
taclastic anhedral patches, with undulating extinction, much corroded and 
included by microcline. 


61 AP-142. - Migmatitic gneiss with biotite. On the pass between Ghala 
Darrah and Modrel. 


A quartzous feldspathic micaceous metasome and a neosome in felds- 
pathic porphyroblasts is recognizable. 

As in sample 61 AP-108 metasome is anhedral microganular filling of the 
gaps among porphyroblasts. It is made up of a fine mingling of potash-feld- 
spar in which microcline and oligoclase are visible. They grew with small 
quartzous drops. 

Quartz separately forms some granoblastic aggregates with medium 
grain and marked undulating extinction. To metasome, we have described, 
fibrous sericitic felts are mingled with rows biotite laminae mainly at the 
margin of porphyroblasts or inside them. Porphyroblasts are formed of an- 
desine 34% An innerly grown with microcline patches. 


61 AP-143._ - Biotitic-amphibolic-epidote orthogneiss. On the pass between 
Malmunj and Darrah-i-Razan. 


The rock is formed by a grano-lepidoblastic oriented contexture of feld- 
spar, quartz, biotite, amphibole and epidote. 
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The granoblastic structure of the sialic components is everywhere homo- 
geneous except a slight inclination to idiomorphism of plagioclase. Also the 
dimension of the elements, corresponding to medium grain is uniform. The 
composition present plagioclase (andesine 43-45% An) frequently zoned and 
with beautiful Albite and Albite-Carlsbad geminations, then quartz in elong- 
ated patches and segmented stripes with undulating extinction, and in smal- 
ler quantity microcline nests. Quartzous drops are included into the feld- 
spars after their crystallization. The mafic beds rather considerable and con- 
tinuous are composed of biotite in big fresh and pleochrois tabular laminae, 
green hornblende partially biotitized, epidote in prisms parallel to the schist- 
osity or as scattered granulation, titanite, ferriferous segregations. 


2. SEDIMENTARY ROCKS AND RELATED PARAMETAMORPHIC. 


61 AP-72. - Microcrystalline dolomitic limestone. Above Pa-in-Shahr. 


Rock formed by a fine aggregate of calcitic granules with scattered do: 
lomite rhombohedra. 

Some small quartzous clastic elements are present. Also calcite partial- 
ly keeps an original clastic form. 


6] AP-73. - Microcrystalline micaceous limestone with scapolite. East of 
Pa-in-Shahr. 


The rock is formed by a calcitic contexture with fine granoblastic struc- 
ture with detrital quartzous granules as hosts, seldom made up of acid pla- 
gioclase, partially recrystallized in floor nests. 

Elsewhere there are quartz spots in patches mingled with a sericitic felt 
from which some muscovite laminae with albite nests come into evidence. 
In the calcareous contexture there are some scapolite granules. The rock is 
pigmented by a limonite scattered mainly as intergranular film. 
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61 AP-74. - Crystalline limestone with scapolite and flogopite. Like 61 
AP-73. 


The prevailing mass is given by an aggregate with fine grain partly 
with mosaic flooring, partly with wide spathic crystals, with diffused in- 
tergranular limonitic pigmentation. Detrital quartz in small granules is ir- 
regularly scattered. There are also scapolite porphyroblasts with perfect 
prismatic form, of great size too, and patches of hexagonal laminae of flogo- 
pite with pleocronism Np = colourless, Nm = light yellow Nz = yellow-rose. 


61 AP-75. - Crystalline limestone with cordierite, scapolite and flogopite. 
Like 61 AP-73. 


The rock is composed of a mosaic contexture with variable grain of cal- 
cite including cordierite granules both scattered and gathered in aggregates 
in form of spots. More seldom cordierite appears in prismatic elongated crys- 
tals with multiple twins on (110). They are colourless crystals with low in- 
dex of refraction, containing abundant carbonious inclusions and zircon, 
apatite, and probably staurolite monoliths. It is not a highly ferriferous term. 
In the rock there also a few laminae of flogopite increased with cordierite. 
With irregular distribution also scattered scapolite granules appear. 


61 AP-76. - Crystalline limestone with scapolite. Like 61 AP-73. 


It is a calcitic granoblastic contexture with very heterogeneous grain 
with plenty of scapolite scattered in small granules and crystals of macro- 
scopic dimensions with transversal sections of octahedrical form and longi- 
tudinal bipyramidal sections. The porphyroblasts are closely grown with 
calcite and have abundant carbonious material as host. 


61 AP-77. - Crystalline limestone with celsiane, cordierite, dolomite, and 
flogopite. Like 61 AP-73. 


In a contexture of spathic calcite crystals, big and very limpid there 
are unhomogeneous spots of contact minerals also isolatedly placed. 

The bigger spots appear in the outcrop as_ yellow-greenish coloured 
sticks made up of a very thick aggregate of celsiana crystals bordered by a 
sericitic felt, more seldom mingled to garnet granules. Other zones appear 
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turbid for limonitic pigments in a calcareous microgranular matrix including 
celsiane crystals as hosts, together with other crystals of cordierite and dolo- 
mite. Outside these zones the above mentioned crystals develop as isolated 
porphyroblasts with very evident crystalline form: celsiane in rhombic sec- 
tions with imperfect polysynthetic twinning, cordierite in hexagonal or bipy- 
ramidal sections, dolomite in perfect rhombohedra with ferriferous oriented 
inclusions. The are also some beautiful basal laminae of flogopite mica. 


61 AP-137. - Saccharoid marble slightly scistose and micaceous. Kotal-i- 
Kaferan. 


Microcrystalline calcite including spathic equigranular crystals, slightly 
oriented and with paracrystalline deformations. Some granule of quartz 
and muscovite laminae are also present. 


61 AP-138. - Schistose micaceous marble. Below Kotal-i-Kaferan, toward 
east, 


On a contexture of analogous composition to sample 61 AP-137 is over- 
laid a more marked schistosity. There is an interposition of calcic micro- 
granular micaceous beds with coarse granoblastic beds. 


61 AP-140. - Massive micaceous saccharoid marble. Like 61 AP-138. 


Aggregate of calcitic anhedral patches sutured to indented borders in- 
cluding a thick granulation of ematite and tabular laminae of muscovite pla- 
ced with no orientation. 


61 AP-141. - Crystalline limestone. Like 61 AP-138. 


It is a calcitic aggregate of variable granulometry, with porphyroblasts 
with rather confused borders and intergranular claye yfilm. There are ema- 
tite granules in good quantity. 


61 AP-144. - Crystalline dolomitic limestone with flogopite. Gorge SW of 
Wurmal. 


Microcrystalline homogeneous aggregate of calcite and dolomite in equi- 
valent quantity, intensely pigmented by ochraceous products. In this con- 
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texture pleochroic yellow laminae of flogopite and roundish ematite nodules 
are often scattered. There are also nests of granoblastic quartz and, more 
seldon, quartzius granules with detritic form. 


61 AP-145. - Zoned detrital crystalline limestone. Pa-in-Shahr valley: 
1300 m a.s.l. 


The rock presents an aggregate of calcitic xenoblasts in prismatic form 
highly iso-oriented. The same orientation is followed by the microgranular 
beds, slightly turbid, that give to the rock a marked zoned texture. In its orien- 
ted growth calcite includes many clastic granules of quartz and potash feld- 
spar deprived of metamorphic effects. 


61 AP-146. - Dolomitic crystalline arenaceous limestone with flogopite. Pa- 
in-Shahr valley: 1700 m a.s.l. 


The rock presents a very irregular distribution of metamorphic and 
detritic elements in a calcareous dolomitic semi-crystalline contexture with 
diffused limonitic pigmentations. The clastic elements are quartz, potash- 
feldspar and acid plagioclase. 

A good recrystallization occurs in oriented zones recognizable as lim- 
pid granoblastic beds of calcite. There is also formation of flogopite in 
beautiful basal laminae also of great dimensions. 


61 AP-147. - Metamorphic microconglomerate. Pa-in-Shahr valley. 


A calcareous matrix, that is arenaceous and metamorphic, includes mar- 
ble and quartzitic pebbles. Matrix presents a very complex composition 
in which essentially mingle variously recrystallized calcite-quartz-feldspath 
detrital granules, marble fragments, dolomite, sedimentary and metamorphic 
quartzite fragments. Locally, mainly at the contact with the clastic mica- 
ceous schistose beds, muscovite and chlorite are formed. Neoformations 
of flogopite occurs, on the contrary, with reduced and imperfect laminae 
in open order. 

Among the pebbles saccharoid fine-grained marble and_ granoblastic 
quartzite are recognizable. 
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61 AP-148. - Coarse metamorphic sandstone. Pa-in-Shahr valley, 1700 m 
a.s.l. 


The rock has the composition of the cement described in sample 61 AP- 
147. 


61 AP-150. - Microcrystalline limestone. First tributary river, on the left 
hand side, of the Darya-i-Kalawch. 


It is a calcitic very homogeneous microcrystalline aggregate with nests 
of autigene quartz and scattered granules of iron oxides. 


61 AP-151. - Detritic microcrystalline limestone. Below the peak 3151 
m a.s.l. on the left hand side of the Kalawch valley. 


Calcareous microcrystalline contexture with plently of quartz fragments 
of various dimensions and some small quartzite fragments. There are also 
dolomite rhombohedra. Marked limonitic pigmentation with irregular con- 
centrations. 


6] AP-152. - Brecciated microcrystalline limestone. Outlet of the Kalawach 
valley. 


In a calcareous microcrystalline matrix much impregnated by limonitic 
arenaceous material there are roundish pebbles and angular fragments of 
different nature. 

In the matrix there are partial recrystallizations of calcite and dolomi- 
tic rhombohedra of substitution. The smaller clastics, very abundant, are 
given by quartz and by some feldspars; the bigger ones consist of more or 
less sericitic quartzites sometimes feldspathic. 


6] AP-153. - Detrital microcrystalline limestone. Like 61 AP-152. 


Microcrystalline calcitic aggregate with irregular zones with coarser gra- 
noblastic structure and quartzous clastics abundantly scattered. 


61 AP-154. - Detrital microcrystalline limestone, nodules of flint. Like 61 
AP-152. 


In an rock analogous to sample 61 AP-153 there are lenticular nodules 
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of flint formed by a fine chalcedonious aggregate. Both limestone and flint 
appear filled with scattered dolomitic rhombohedra of neoformation. 


61 AP-155. - Crystalline dolomite. Darya-i-Shiwa. 


It is an aggregate of dolomite rhombehedra of big size with small in- 
terstitial calcitic patches with indented suturations. 


61 AP-156. - Zoned crystalline limestone. Like 61 AP-155. 


The rock is composed of thickly interposed beds of microgranular cal- 
cite and spathic calcite with elongated and markedly oriented crystals. The 
detrital components are given by quartz granules partially recrystallized, 
diffused without orientation as to the lamination, and by roundish ematite 
granules. 


61 AD-2. - Biotite-garnet quartzite. In the left-hand side of outlet of the 
Warduj valley in the Baharak basin. 


The rock has a granoblastic texture, passing to lepidoblastic. It is 
microgranular, with a fairly straight schistose texture, emphasised by small 
flakes of biotite, which although do not gather in clusters, are iso-orien- 
ted. The quartz has a straight extinction, and the garnet crystals are rare. 
However, they are large, and have a late crystallization. 


61 AD-2/2. - Biotite-garnet hornfels. Same locality as 61 AD-2. 


A rock with a granoblastic microgranular texture, with a heteroblastic 
character due to the late fracturing of the large garnet crystals, which cut 
across the schistose texture. The grains appear fractured, with local crystal- 
lization of chlorite within the fractures. This texture is produced by the pre- 
vious minerals, and especially by small flakes of biotite. The plagioclase has 
an An content of 50-702. 


61 AD-12. - Biotite-garnet hornfels. Near the Ali Mughul bridge (Jurm). 


A rock with a matrix composed of microlites of quartz and graphite, 
and subordinate feldspathic microlites which are about 0,05 mm in size. 
They are disposed in a schistose linear texture. In this framework, which 
recalls that of a graphitic phyllite, there are flakes of biotite which merge 
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with the matrix at the margins; they are locally replaced by chlorite, and 
subidiomorphic crystals of garnet ranging up to 1 mm in size. 


61 AD-25/2. - Quartzitic sandstone. In the valley below the pass 1490 m 
high on the way to Darra-i-Wakhsi (NE of Kishem). 


An immature sandstone, with a matrix representing about 20% of the 
rock. It is fine-grained, and mainly composed of quartz grains and subor- 
dinate feldspars. The grains have a high degree of roundness, but are not 
well sorted (maximum dimensions range between 0.3 and 0.4mm). The ma- 
trix includes the same mineralogical elements that form the coarser clastic 
particles, with the addition of micas and opaque minerals. This sandstone 
must have originated from the decomposition of a crystalline acid rock. 


61 AD-28. - Phyllite. To the north of the pass 1494 m high, NE of Ki- 
shem. Not in situ. 


A rock with a fine granoblastic texture, in part lepidoblastic as a result 
of bands in which small micaceous flakes are predominant. There is a schi- 
stose texture in bands with more than one arrangement of planes of scistosi- 
ty, which suggest that there is an overlapping of several phases of deforma- 
tion. The deformation which determined the banded schistose texture, re- 
presented by the alternation of quartz-feldspar and micaceous bands, 
was followed by a second deformation. This second deformation determi- 
ned another arrangement of planes oblique to the first, and (in a contempo- 
raneous or subsequent episode) relative movement of the various bands of 
original schistosity with strain slip cleavage in the most rigid quartz-feldspar 
bands. These were in turn filled by crystalline quartz in aggregates of 
greater dimensions than those of the groundmass (0.2 mm as apposed to 
0.5 mm). 


61 AD-31. - Quartzitic sandstone. Near Kangurchi (Kishem). 


A fine grained immature sandstone with a matrix greater than 30%. 
The clastics comprise grains of quartz, with maximum dimensions of 0.5 mm, 
probably supplied by crystalline acid rock or by schists with a high degree of 
metamorphism, and subordinately by alkaline feldspars. There is a low 
degree of sphericity, and the edges are well rounded( but the degree 
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of sorting is poor; the individual clastic grains are separated by abundant 
matrix material, in which white micas, tourmaline and opaque minerals oc- 
cur, apart from the minerals which form the clastics. 


61 AD-42. - Feldspathic quartzite near the contact with the granodiorite 
61 AD-41. Upper Bula-i-Ailah valley. Above Zandalu Darrah-i-Ba- 
lu (Kalafghan). 


A rock with a mosaic texture, with aggregates distributed in size of 
about 0.5 mm; sometimes other aggregates have been welded together, by 
late recrystallization, forming irregular shaped clusters 4-5 mm in size. The 
feldspar, representing about 15% of the rock, is crystallized in aggregates of 
smaller dimensions, and is interstitial. It always shows inclusions of white 
mica, formed along the cleavage planes (sericitization). 


61 AD-43. - Sandy siltite: most common type of local rock. Below the 
saddle to WSW of Qara Tut (Kalafghan). 


A detrital rock with a pseudo-augenized and laminated texture (in the 
sedimentary sense). About 50% is angular clastic quartz, ranging in size 
between 0.1 and 0.05 mm, together with subordinate opaque minerals. The 
remainder is composed of matrix, which consists mainly of small white mica 
flakes, which surround the individual detrital grains, thus producing the 
pseudo-augenized texture, and emphasising the lamination. 


61 AD-44. - Quartzitic sandstone. Near Qara Tut (Kalafghan). 


Poorly sorted immature sandstone, with a matrix greater than 30%, and 
with unsorted monomineralogical clastics mainly made up of quartz. The 
clastics vary in size from a maximum of 2 mm, to a minimum of 0.05 mm, 
with a high degree of roundness but less sphericity. A few of the larger 
clastics are polycrystalline, being formend of welded grains of quartz. 


61 AD-45. - Argillite. Below point 3123 m in the upper Qara Tut valley 
(Kalafghan). 


A pelitic rock with a laminated texture (in the sedimentary sense), pro- 
duced by amygdaloid detritals of medium dimensions around 0.02 mm. They 
are separated by iso-orientated micaceous flakes. A banded schistose tex- 
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ture, transverse to the first and due to the alternation of beds which are mo- 
re or less rich in micaceous flakes, is superimposed. 


61 AE-48. - Epimetamorphic sandstone. NW of Darrah-i-Jim. 


Granolepidoblastic rock with a schistose, pseudo-augenized texture, and 
a detrital appearance. The pseudo-augens are produced by grains of quartz 
and feldspar = 0.5 mm long, which are undoubtedly of a clastic origin; 
these, not completely remobilized, form little augens in a matrix of smaller 
grains. The remaining quartz and remobilized feldspar are recrystallized in 
ageregates consisting of smaller grains and having a mosaic texture. The 
small micaceous flakes are very well iso-orientated and accentuate the schis- 
tosity. 


61 AE-49/1.- Fine-grained feldspar sandstone. Pasha Darrah. 


Fine-grained, submature sandstone with very well sorted clastics, and 
ranging between 0.1-0.2 mm; the clastics are generally separated by small 
micaceous flakes which surround them; they have a slightly elongated shape 
and lobate margins; occasionally a few of them are welded with lobate and 
sutured contacts, which indicate a partial mobilization of silica. Also pre- 
sent are veins of fractured quartz with a mosaic texture, the grains of which 
range in size between 0.3-0.4 mm. 


61 AE-75. - Fine-grained quartz sandstone. Ridge to the west of alti- 
metric point 2053 m (south of Astana Tepa). 


Fine-grained immature sandstone. The clastics are not well sorted and 
vary in size from a maximum of = 0.6 mm down to matrix sized particles. 
The matrix is more than 30% of the rock. The clastics are represented 
mainly by quartz fragments of various sizes, with round margins, the pla- 
gioclase is subordinate. Small flakes of white micas and sub-iso-orientated 
chlorites are also present in the matrix. 


61 AE-82/1. - Quartzitic microconglomerate. Altimetric point 1291 m 
east of Farkhar. 


Detrital rock composed of ellipsoidal clastics, with the largest axis a few 
millimetres in lenght and eroded edges; petrographically, these fragments 
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are derived from quartzitic rocks of variable grain size; the quartz micro- 
blasts are in various stages of recrystallization, and in the most advanced 
state they appear to consist of a single quartz crystal, in which its origin 
from the fusion of smaller crystals can still be osserved because of their irre- 
gular extinction. The margins of the individual clastics, analogous to those 
of the sandstone which form part of the matrix, are emphasized by oxides 
of iron and opaque minerals, which form the remaining part of the matrix. 


61 AE-82/2. - Mica rich phyllite. Like 61 AE-82/1. 


Microgranular rock of a granolepidoblastic, schistose texture; the quartz 
forms blasts of an irregular elongate shape, which, with those of feldspar, 
are sometimes separated by thin flakes of white micas and biotite. These 
micas, although never found together in bands, shows an excellent iso-orien- 
tation; small granules of opaque minerals and small plates of iron oxides, in 
transverse veins, are very common. Section 6] AE-82/4 differs from this by 
a smaller content of white and dark micas, and by the lack of schistosity. 


61 AE-82/3, 62 AE-82/5. - Microgranular feldspathic sandstone. Like 61 
AE-82/1. 


Fine-grained immature sandstone, from the mineralogical and textural 
point of view. The clastics are represented by unequal fragments of quartz 
and feldspar. Feldspar forms about 20% of the rock. The matrix is more 
than 30%, and consists, besides quartz feldspar, white micas, biotite and zir- 
con of minute flakes of micas and granules of opaque minerals. 


3. PLUTONIC ROCKS 


3.1. Jalmish Tonalite 


61 AD-26. - Tonalite. Above the pass 1490 m, SW of Kishem Probably 
not in situ. 


A rock witha hypidiomorphic granular texture composed of medium to 
large grains. The leucocratic constituents are quartz, whith an undulatory 
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extinction, and zoned plagioclase, whith a maximum An content of 40%. K- 
feldspar is rare, and there are few myrmekitic aggregates. The me- 
lanocratic components are represented mainly by biotite and hornblende in 
almost equal quantities. The epidote is pistacite. 


61 AD-27. - Diorite. To the west of the pass 1490 m, SW of Kishem. 
Probably not in situ. 


A rock with a hypidiomorphic granular texture composed of medium to 
small grains, in which the leucocratic and melanocratic components are 
equally rapresented. Among the leucocratics, plagioclase, which is often 
zoned, is the most abundant, and has an An content up to 60% (labradorite). 
Often, in the central part, the plagioclase includes epidotc, which originates 
from the disintegration of the anorthite molecule. Quartz is subordinate, 
with crenulate margins. Among the melanocratics, green hornblende pre- 
dominates over biotite. 


61 AD-32. - Quartz diorite. Near Darrah-i-Shah-Baba bridge. 


The rock presents a coarse unhomogeneous grain mostly for the irregu- 
lar distribution of the components. 

Plagioclase, with euhedral prismatic form, is composed of andesine 44- 
45% An, with normal zoning passing to albite-oligoclase in the perypheral 
parts and with very developed geminations. It gathers in groups of crys- 
tals thickly interpenetrating and associated to biotite, as quartz is isolated 
in limpid very anhedral patches, of centimetre dimensions. 

Biotite also presents great changes, from small lamellar aggregates cor- 
roded and partially chloritized of great tabular euhedral and fresh patches. 
Chloritization forms radiated nests inserted in the intergranular gaps among 
plagioclases. 

Very seldom there are orthose relics quite totally readsorbed among the 
quartz crystals. 


61 AD-33. - Quartz-leucodiorite. Above Sang Ab (Kishem). 


A rock with a granular allotriomorphic texture, passing to granoblas- 
tic. The highly remobilized quartz is recrystallized in aggnegates com- 
posed of a mosaic of small crystalas with serrated margins, the extinc- 
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tion is straight or slightly undulatory. The zoned sodium-calcium _plagio- 
clase occurs as allotriomorphic crystals of large size (up to 3 mm); they have 
undergone an energic process of saussuritization with the liberation of 
epidote, prehnite and albite. 


61 AD-33/1. - Amphibole diorite. Near Kangurchi (Kishem). 


A rock with hypidiomorphic granular texture with medium-sized 
grains, in which femic minerals are predominant over those of the leucocra- 
tic group. Green hornblende is most abundant, followed by chlorite. Epi- 
dotes and white micas originate from the saussuritization of the plagiocla- 
ses, and these are often zoned, with a labradiorite composition (60% An de- 
creasing towards the periphery). Quartz is rare, with a strong undulatory 
extinction. A fracture is also present, filled with prehnite. 


61 AD-39. - Quartz diorite with biotite and hornblende. Above Darrah 
village. 


It is a rock medium-grained, very rich in plagioclase and mafic com- 

ponents, with subordinate quantity of quartz and with scarce crystals of or- 
those quite totally readsorbed. 
- Plagioclases appear with marked euhedral crystals in rectangular sec- 
tions and pseudoexagonal, with well developed twins and marked zoning, 
from a very altered core of labradorite, to a more limpid and generally not 
geminated oligoclasic periphery. 

Among the mafic components a red-brown very pleochroic biotite gene- 
rally prevails in lamellar chaotic groups full of segregations and interpene- 
trating with hornblende specimens from which they came. 

Besides these groups there are also some isolated biotitic euhedral pat- 
ches, also of great dimensions. 

Hornblende shows some prismatic pleochroic yellow-green and_ blue- 
green coloured sections, sometimes geminated, always containing biotite of 
neoformation in lamellar nests inside the crystals or as borders and spots. 


61 AD-41.- Granodiorite. Upper Bula-i-Ailah valley. Above Zandalu Dar- 
rah-i-Balu (Kalafghan). 


It is a fine-grained rock in which some euhedral plagioclase prisms come 
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into evidence followed by potash-feldspar and quartz in crystallization 
order. 

Plagioclase shows marked zonings with a core of basic andesine 46-47% 
An, and border of pure albite. Orthose forms anhedral specimens also of 
great dimensions covered by kaolinic orthose of neoformation. It is corro- 
ded an descavated deply by quartz that crystallizes in quite granoblastic 
groups of very limpid specimens, seldom with undulating extinction. Bio- 
tite is also much corroded and reduced in lobated or poikilitic rags, full of 
segregations of iron oxides sometimes chloritized. 


61 AE-43. - Quartz diorite. Near Kwaja Afghani. 


The rock has granular very marked structure dominated by an interla- 
cing of euhedral prisms of not very quartzous plagioclase and much bio- 
tite. The prisms of plagioclase labradorite 52-55% An albite, albite-Carls- 
bad, penetrating in musaic forms. 

The gaps among the plagioclase crystals are filled by quartzous patches 
with marked undulating extinction that sometimes are in concretions in 
form of spots and drops in the feldspar. Along the margins of the feldspa- 
thic prisms quartz sometimes takes a microcrystalline form as in plagioclase 
reaction borders of albitic composition appear. Red-brown intensely pleo- 
chroic biotite appears in patches of laminae with centimetre dimensions 
including many prisms of apatite, granules of zircon, titanite and with diffu- 
sed marginal segregations of magnetite. 

The micaceous patches are intensely corroded by the sialic minerals and 
deformed in undulations and folds without fractures. 


61 AE-46. - Amphibole gabbrodiorite. South of Darrah-i-Jim. 


A hypidiomorphic granular rock in which the leucocratic minerals are 
predominant over the coloured ones; the plagioclase is the most common 
constituent, and it forms about 70% of the rock, with crystals up to a ma- 
ximum of just over 4 mm along the direction of the c axis; it has a varia- 
ble composition, ranging between 60% An (labradorite) and 80% An (bytow- 
nite); the crystals are often zoned, and their central part is often altered into 
saussuritic mesh. (Quartz is rare and interstitial The femic minerals are 
green-brown hornblende and biotite; the latter is for the most part either in 
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a reabsorption stage, or has been changed into a thin cover of small chloritic 


flakes. 


61 AE-47. - Leucodiorite. SW of Darrah-i-Jim. 


A hypidiomorphic granular rock with grains up to a maximum of 3 mm. 
About 80% of the rock is plagioclase of an andesine-labradorite type, which 
is often zoned and always largely saussuritized. Quartz is scarce, < 10%. 
The chlorite crystallized Jater in the penninite variety, and random clusters; 
the calcite is reabsorbed. 


61 AE-57. - Granodiorite. Near Sang Ab. 


The rock has a sialic very granular contexture with lamellar biotitic 
groups and amphibolic prisms. ! 

In the sialic part it is recognizable a plagioclase andesine 38% An slight- 
ly pericline with marked normal zoning, in euhedral prisms with rectan- 
gular or hexagonal section in many twins. Their core is often alterated in 
kaolinic material with sericite neoformation. 

Anhedral specimens of ortose of small dimensions appear associated to 
plagioclases in quantity subordinate to them. Also quartz in interstitial 
patches of different dimensions, with indented borders with undulating 
fractures and extinction appears. Biotite and hornblende are tightly in- 
creased in scattered groups without order often in rags, fibres or poikilitic 
patches. 

Hornblende presents an increased pleochroism: Np = grass-green, Nm» 
= yellow-green, Ns = blue-green. 

Biotite is sometimes chloritized. 


61 AE-58. - Quartz diorite. Near Sang Ab. 


The rock has a marked anhedral structure and an essentially plagiocla- 
sic amphibolic composition. 

The sialic contexture is mostly composed of an interlacing of andesine 
An 40-42% prisms much zoned and often innerly increased, with marked 
saussuritic alterations and neoformation of calcite, sericite, zoisite, and quartz 
plunged in an argillaceous isotrophic substance. Sometimes these products 
grow alone, mainly zoisite that comes into evidence in beautiful colum-shaped 
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prisms and calcite that gives birth to rhombohedral limpid patches. Not 
very abundant quartz is always in interstitial form. Among the mafic 
components beautiful homblende prisms with rhombic and pseudo-hexagonal 
sections prevail. They have distinct pleochroism: Np = yellow-brown, Ne 
= reddish-brown, Ne = red-brown. They appear intersected and often di- 
sarranged by thick microfractures along which an intense transformation at 
first into biotite, than into chlorite appears. 

Chloritization is very advanced so that also biotite appears in form of 
relics. Primary biotitic laminae are scattered in moderate quantity. They 
are chloritized, too. 


61 AE-72. - Microdiorite. Near Khand Asman. 


The rock is characterized by a groundmass very developed, with ophitic- 
interstitial structure, made up of a plagioclase, hornblende, and a little quartz 
containing plagioclase phenocrystals with perfect prismatic form. 

Plagioclases of the groundmass present elongated prism strongly in- 
terlacing and filled by sub-idiomorph hormblende granules; phenocrystals 
have the form of squat prisms often with pseudo-hexagonal borders. Both 
forms have the composition of labradorite 55-57% An, and are zoned, twinned 
and transformed in sericitic felts and argillaceous products. 


Among the mafic components, besides green hornblende, there are small 
altered and chloritized biotite laminae. 


61 AE-76. - Tonalite. To the south of altimetric point 1972 m (SE of 
Astana Tepa). 


A hypidiomorphic granular rock with crystals of different sizes. 
Along the c axis, plagioclase reaches 5 mm, of an andesinic-labradorite com- 
position, often zoned and often saussuritized. Quartz shows itself in crys- 
tals of dimensions which are variable within wide limits, but in most cases 
the crystals are smaller than those of plagioclase. The quartz is crystalli- 
zed in plates in the interstices left by the plagioclase, or in strips of greater 
continuity; the contacts between the granules are lobed and sutured. Bio- 
tite is common, but the geometry of the flakes shows that they have been 
partially reabsorbed by the leucocratic minerals; green hornblende, joined to 
biotite, is subordinate. 
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61 AE-83. - Granodiorite. Near Kashan. 


Very sialic medium-grained rock prevailingly made up of plagioclase, 
orthose and quartz, with biotite in subordinate quantity. 

Plagioclase presents zoned euhedral sections with core of ladradorite 
52% An, well geminated, and albite, more limpid and not geminated pery- 
phery. 

Potash-feldspar, among which much microcline, appears in order of 
crystallization later than plagioclase that it surrounds and markedly corro- 
des. Among the big quartz patches, feldspars are often included in form 
of partially readsorbed relics in which plagioclase has a central position and 
potash-feldspar a marginal one, quite a border. 


61 AE-84. - Amphibole gabbro-diorite. Near Kashan. 


An hypidiomorphic granular rock with a slight predominance of leucocra- 
tic over femic minerals; the former consist mainly of zoned plagioclase, crys- 
tallized in prisms of millimetric dimensions and of a labradorite composi- 
tion, which are only rarely attacked by the process of saussuritization. 
Quartz is subordinate, poikiloblastic, with a clear or almost clear extinction, 
showing contacts engulfed in the other minerals, especially in the femics. 
The femics are made up of greenish-brown hornblende and biotite, the for- 
mer being predominant over the latter; both show lobate margins within 
which are enclosed the leucocratics and the cuspidate ends are in cour- 
se of reabsorption. 


3.2. Muzung Gabbro 


61 AP-115. - Gabbro. 300 m downstream from Muzung. 


Rock with medium-coarse-grained ipidiomorph structure, quite exclu- 
sively made up of plagioclase and pyroxene. 

Big tabular rather wide and squat prisms of diallage with brown-green- 
ish colour are mingled to sub-idiomorph crystals of labrodoritic plagiocla- 
se 57-58 An. At the contact with feldspar diallage presents a continuous 
border of fine green actinolite needles perpendicular to it. Often this acti- 
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nolitic rim goes on in contact zones between two feldspathic crystals, as if 
one of them would have substituted a primitive pyroxenic crystals. In this 
case at the actinolitic border a roundish or lobated form of magnetitic sepa- 
ration is joined. Such segregations often appear also inside the diallage 
crystals, mainly in the ones interested by interlamellar amphibolic clearings. 
The rock presents a marked clastesis of all its components with deposit of 
limonitic substances along the fractures. 


61 AP-117. - Olivine gabbro. Like 61 AP-115. 


Massive fine-grained rock composed of basic plagioclase, pyroxene and 
olivine. | 

As in sample 61 AP-115 the femic components generally have wide ver- 
sion borders with plagioclases, joined with noticeable magnetitic segrega- 
tions. Olivine appears in sections with roundish form surrounded by a mi- 
cro-fibrous white-greenish border of actinolite, that is sometimes zoned and 
with interposed thin stripes of crysotile. The fractures are full of red- 
orange coloured limonitic materials. Pyroxene is represented by rather 
fresh augite prisms, sometimes twins on (100), light rose-brown coloured, 
not pleochroic. At the contact with feldspars they are very corroded. In 
many cases they present roundish or Jobated magnetite segregations. Magne- 
tite sometimes completely substitutes them leaving a thin and continuous 
border of brown-reddish colour, pleochroic, caused by biotite alteration at 
the margin. Feldspars consist of labradorite sub-idiomorph prisms, lacking 
in zoning and not much altered, with always present geminations. 


61 AP-118. - Amphibolic saussuritic gabbro. Spur to the north of Ert. 


The rock is mostly formed by a thick saussuritic felt from which some 
amphibolic crystals, that is altered too, comes into evidence. Saussurite 
presents different albitic patches, zoisite granules and sericite felts. There 
are no definite limits for the borders of the feldspathic crystals existing be- 
fore, to which the saussuritic aggregate confusely mingles with microlamel- 
Jar patches and needle-shaped bundles of light green amphibole correspon- 
ding to an actinolitic term. Antigoritic aggregates in form of roundish or 
tabular spots substitute former mafic crystals, probably pyroxenic. Antigo- 
rite Jaminae are also recognizable scattered in the amphibolic aggregate. 
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Prismatic sections of green hornblende come into evidence as porphy- 
roblasts in the described matrix, they are partially substituted by small ac- 
tinolite prisms and by fibrous radiated aggregates of antigorite; the last ones 
mainly at the borders. 

Everywhere titanite granules are scattered associated in S-shaped rows 
and irregular groups. 


61 AP-119. - Rock with amphibole, pyroxene, calcite and titanite. Like 
61 AP-118. 


The rock appears with a thick and very developed interlacing of tabular 
acicular and fibrous prisms of hornblende, with a slight pleochroism from 
colourless, to yellow-brown, to light green. In the thinning points of this 
felt, euhedral nests of calcite, crystals of titanite, and big euhedral relics of 
pyroxene completely transformed into aggregates of antigoritic lamellae and 
partially chloritized appear. Calcite forms large veins and lenses with gra- 
noblastic structure too. 


61 AP-122. - Amphibolic gabbro. Head of Sela-i-Kalan valley. 


The rock has granular medium-coarse, ipidiomorph, slightly oriented 
structure. 

The sialic portion consists of well flaked twin anortite 90% An crystals 
forming an homogeneous aggregates. Green hornblende and biotite ap- 
pear of earlier crystallization. Hornblende is in long prisms intensely and 
irregularly corroded. Later fibrous-radiated nests of chlorite are formed in 
the feldspathic mass. The ferriferous granulations are abundant. 


3.3. Naghz Darrah Tonalite. 


61 AP-56. - Quartz diorite with garnet and epidote. Southern side of the 
Zyarat-i-Kwaja pass. 


The roch presents a granular anhedral structure with preminence of 
the sialic components. 
The presence of many garnet iron crystals aud much epidote is noticea- 
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ble. The sialic parts have plagioclase andesine 40-44% An crystals, of vari- 
able dimension, thickly interpenetrating rather calcic and with frequent 
normal zoning. Quartz appears in anhedral patches that are intensely frac- 
tured and with undulating extinction. Biotite shows large, very fresh and 
pleochroic straw-yellow, green-brown, and red-brown coloured laminae. 
They often develop from big intensely fractured and dismembered garnets. 
Also some hornblende crystals appear partially substituted by biotite. Epi- 
dote is scattered in cataclastic crystals, generally near zones of biotite with 
amphibole. An abundant additional element is titanite. 


61 AP-58. - Quartz microdiorite with garnet and epidote. Southern side of 
Zyarat-t-Kwaja pass. 


The rock has anhedral granular homogeneous and fine, quite granobla- 
stic, structure, with tabular laminae of biotite regularly scattered and small 
epidote granules and, sometimes, also garnet. In the sialic part quartz ap- 
pears in roundish granules corroded by feldspar and afterwards undergone 
to intense recrystallization. Plagioclase, prevailing in quartz, is made up of 
andesine 43-45% An in fine granules of polyhedric formation, often zoned, 
with many mechanical post-crystalline deformations. Quartz appears often 
in them poikilitically included. The inner portions are more basic, and often 
have incipient saussuritization. 


61 AP-59. - Garnetiferous pegmatite. Southern side of Zyarat-i-Kwaja 
pass. 


The rock is characterized by poikilitic anhedral structure, that is rather 
marked and unhomogeneous. 

It is possible to distinguish microgranular portions essentially made up 
of oligoclase-andesine plagioclase in polygonal patches riddled by quartzous 
drops (graphic structure) and zones in which this microgranular contexture 
is mingled with crystals of quartz, plagioclase, and microcline; these crystals 
have big dimensions and are chaotically placed. Of them, plagioclases seem 
to be grown with quartz in graphic forms and more or less full of an- 
tipertitic concretions with microcline. Garnets appear in granules of small 
dimensions, that are fresh and euhedral. Micas appear mainly in the 
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microgranular zones with small tabular laminae of biotite and a few gather- 
ed laminae of muscovite grown with feldspathic crystals. 
There are scarce epidote granules. 


61 AP-61. - Garnetiferous pegmatite. Southern side of Zyarat-i-Kwaja 
pass. 


The rock differs from sample 61 AP-59 on a greater diffusion of microcli- 
ne and a more marked grain, though zones with fine anhedral structure re- 
main. On these zones potash-feldspar appears of contemporaneous composi- 
tion of plagioclase as in the zones with pegmatitic structure. Potash-feldspar 
is of later genesis with strong reabsorptions and formation of albitic rim in 
plagioclase. This one has a medium oligoclasic composition 15-20% An. Ra- 
ther frequent are garnets and scarce micas among which muscovite pre- 
vails. 


6] AP-62. - Quartziferous diorite with quartz and epidote. Southern side 
of Zyarat-i-Kwaja pass. 


It is a rock similar to sample 61 AP-56. 

The only differences is given by their content of micas, that here have 
development of muscovite and biotite. Marked zoisite crystals are develop- 
ed in the core of plagioclasic zoned specimens going to be saussuritized, 
too. 


61 AP-65. - Quartzous-plagioclasic pegmatite. Southern side of Zyarat-i- 
Kwaja pass. 


The rock is quite completely formed by quartz in big specimens reg- 
ularly laid and of albite-oligoclase 9% An in crystals of centimetre dimen- 
sions. They are specimens partially limited by cleavage drops, characteri- 
zed by antipertitic concretions with microcline. In them there are many 
para or post-crystalline deformations with opening of micro-fractures filled 
by microcline and granoblastic quartz coming from the patches surrounding 
it. Micas are absent. 
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61 AP-66. - Quartzous-plagioclasic pegmatite. Southern side of Zyarat- 
i-Kwaja pass. 


The rock is only made up of big quartzous crystals intensely fractured 
and with undulating extinction sorrounding and corroding the smallest spe- 
cimens of albite oligoclase, that are partially euhedral and sometimes sligh- 
tly zoned. Some intergranular gaps are full of tabular very fresh muscovite 
patches or of epidote granules much deformed. The late introduction of 
potash-feldspar, noticed in sample 61 AP-65, is absent. 


61 AP-109. - Dioritic gneiss. In the valley between Dew Darrah and Baz. 
geran villages. 


The rock looks like a diorite with very oriented texture, with irregular 
distribution of the sialic elements. 

They are mostly given by plagioclase labradorite 56-58% An in zoned 
crystals, partially saussuritized, some in form of euhedral iron crystals, others 
gathered in quite granoblastic groups. Quartz, in smaller quantity, appears 
as scattered interstitial or included granules in the amphiboles or plagiocla- 
ses. The femic components, equal to the light ones, are represented by 
abundant euhedral prisms of green hornblende placed without orientation, 
isolated or in wide groups. From their transformation many biotitic lami- 
nae come and grow in orientated way, undergoing to an incipient chloriti- 
zation. 


61 AP-111. - Granodiorite with biotite. Near Langar. 


The rock presents granular euhedral rather coarse structure. The com- 
position is rather sialic, prevailingly quartzous-plagioclasic, with scarce mi- 
crocline. Biotite is frequent, epidote is a diffused additional element. In 
the sialic parts there are big quartzous sutured patches and oligoclase crys- 
tals with irregular spots because of the variations of composition and many 
imperfect twins, with advanced saussuritic transformations. Microcline ap- 
pears in very anhedral patches among the quartzous-plagioclasic specimens 
at the contact with which it develops marked micropegmatitic and myrme- 
kitic concretions. Biotite forms wide tabular laminae, with peripheral trans- 
formations, with muscovite and feldspathic inclusions enclosed during their 
growth. 
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61 AP-120. - Quartziferous diorite with biotite and hornblende. In_ the 
valley between Sahid Darrah and Kalan villages. 


Rock with ipidiomorphic granular structure with prevailing feldspar, ma- 
de up of plagioclase, anhedral quartz, much biotite, hornblende and products 
of saussurritic alteration of plagioclases. 

Plagioclase is formed by euhedral prisms of andesine 45-46% An 
of variable dimensions, sometimes in fenocrystals with complex mark- 
edly developed twins and marked normal zonings. The saussurritic 
products are prevailingly given by sericite and epidote. Epidote increases 
in beautiful prismatic pseudomorph crystals on the plagioclases. Plagio- 
clases are sometimes substituted by biotite in patches of big fresh laminae, 
very pleochroic, bent or broken under dynamic paracrystalline actions, inclu- 
ding quartz granules poikilitically. These deformations seem to be contem- 
poraneous to the first form of recrystallization of quartz in sutured patches 
often deformed in lenses and strips with marked undulating extinction. Af.- 
terwards, a part of quartz was recrystallized in granoblastic nests and beds; 
the beds were placed along old fracture surfaces. Homblende appears in 
prisms poikilitically grown with plagioclase, and later much corroded and 
partially transformed into biotite. Titanite and apatite granules appear in 
secondary quantity. 


61 AP-121. - Quartz diorite. On the pass between Kalan and Sela-i-Kuhrd 
villages. 


It is a rock different from sample 61 AP-120 only on a diffused catacla- 
stic structure and a great abundance in epidote. 


61 AP-131. - Adamellite. In the valley near Palang Darrah. 


It is a very acid rock with granular not very homogeneous anhedral 
structure, essentially made up of a confused mixture of microcline, oligocla- 
se, plagioclase and quartz. All the feldspars show diffused alterations and 
neoformation of sericitic felts and muscovite laminae. Biotite is rather 
unstable, bordered by light mica and often amassed in turbid and de-fibred 
lenses. A diffused recrystallization of quartz is contemporaneous to these 
deformations. 
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3.4. Baharak Granodiorite. 


61 AP-67. - Granodiorite (Trondhjemite). Above Malang Ab. 


It is a distinctly granular rock composed of euhedral zoned fenocrystals 
of plagioclase, quartz and biotite. 

Plagioclase is an andesine term 31-38% An with abundant normal zo- 
ning. The geminations are frequent and well developed, specially as Carls- 
bad, Albite-Carlsbad, Albite-Pericline, and Baveno. Their margins present 
fine indented forms for the concretion with a thin quartzous border. The 
cantact is often marked by myrmekitic structure and it is distinguishable 
also for a micro-flooring structure. In the other zones quartz presents an ag- 
grgate of isodiametric granules of medium dimensions, very limpid, and wi- 
thout mechanical deformations. Biotite laminae are generally wide, fumi- 
shed with a perfect basal cleavage, with intense pleochroism straw-yellow, 
and marked brown slightly greenish. They are surrounded by a thin rim 
of titanite granules that are sometimes poikilitically included in the mica. 


61 AP-81. - Leucogranite. Block of the Ardar landslide. 


Microcline and quartz are the prevailing components, among which bio- 
tite laminae and scarce plagioclase are found. 

As additional minerals there are many apatite crystals and iron oxides. 
The structure of the rock is dominated by the idiomorphism of potash-feld- 
spar that tries to form fenocrystals of great dimensions. Frequently ther 
are micropertitic concretions with plagioclase. Some optical features of mi- 
croline: 2v = —81°-88°, Np (001) = 5°, Np (010) = 14°. Quartz is pla- 
ced in wide anhedral patches with indented and sutured borders, and it 
often intrudes into the feldspathic crystals. 

The rock underwent an intense cataclasis visible in all its components, 
mainly in quartz. After it there are no signes of recrystallization. 


61 AP-83. - Leucogranite. East of Dashtek. 


It is a very sialic rock with fine grain, characterized by the xenomor- 
phism of all its components. 
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Plagioclase (andesine 31% An), potash-feldspars (microcline and micro- 
clinpertite) and quartz in smaller quantity, interpenetrate ina very thick ag- 
gregate, full of concretions and reciprocal clearings and covered by wide 
zones of kaolinic alteration. Potash-feldspar substitutes plagioclase in some 
cases; plagioclase assumes an acid rim of albite at the contact. In this ag- 
gregate big quartz patches sometimes come into evidence. They have in- 
dented borders and marked undulating extinction. Micas are given by lit- 
tle biotite in isolated laminae teared at the border and by scarcer muscovite. 


61 AD-4, 61 AD-5. - Granodiorite. N. 4: Zardew valley, little downstream 
from Balkai-iMalang Ab. N. 5: Zardew valley, near Joibar. 


A rock with a hypidiomorphic granular texture with medium-large 
grains, having no orientation. The K-feldspar is composed mainly of mi- 
crocline with grid twinning. The quartz and plagioclase occur generally in 
a myrmekitic intergrowth, or in grains in juxtaposition, as a result of lobate 
and crenulated margins. In the plagioclases, the maximum angle of extinc- 
tion measured in symmetric zones, is 13°, the corresponding An content of 
which is < 10%. The micas are of a hiotitic type in section D4, whilst they 
are of the white mica variety in section D5. 


61 AD-7. - Leucogranite. Warduj valley, near Ushkan. « White granite ». 


A rock with a hypidiomorphic granular texture with medium-large 
grains, having no preferential orientation. Quartz is the most abundant 
component. It is highly fractured, and has an undulatory extinction, and 
is often in a myrmekitic intergrowth with oligoclase (30% An). It is also 
found as transparent crystals, without any inclusions. The K-feldspar is 
more or less kaolinized; micaceous lamellae are rare and, among them, bioti- 
te is the most abundant. 


61 AD-10. - Quartz diorite. Blocks of the morainic dam of the outlet of 
the Zardew valley. « White granite ». 


A rock with a hypidiomorphic granular texture with medium-large 
grains, without orientation. The plagioclase is often zoned, with an An 
content up to 30%, and is often altered into prehnite in its most calcitic cen- 
tral part. The allotriomorphic quartz has an extinction ranging from undu- 


PLUTONIC ROCKS 573 


latory to highly undulatory. Large flakes of biotite are evenly dispersed 
in the section. 


61 AD-9/1. - Quartzdiorite. Warduj valley: near the Ardar bridge. 


A rock with granoblastic texture and heteroblastic character. Feldspar 
crystals attain the greatest size. The plagioclase is often zoned, with an An 
content up to 40% (andesine). The quartz forms crystals of smaller sizes 
with a clear or slightly undulatory extinction, and often with triple jointing. 
Chlorite is present as a secondary mineral, by alteration of the biotite. 


61 AD-9/2. - Quartz microdiorite. Warduj valley: near the Ardar bridge. 


A rock with a hypidiomorphic granular texture, with minute grains. Pla- 
gioclase is the most abundant leucocratic mineral, containing 30% An (oligo- 
clase-andesine), quartz is associated with a clear or slightly undulatory ex- 
tinction, the femics are abundant, and among them, hornblende(c: y = 16’). 


61 AD-13/1 - Granodiorite with two micas. Same locality as 61 AD-13. 


A rock with a hypidiomorphic granular texture and heteroblastic cha- 
racter, due to the very wide range of sizes of the different constituents. Pla- 
gioclase (20% An) and K-feldspar, either twinned in the Carlsbad law, or 
with the typical grid twinning of microcline, are present. They are ge- 
nerally separated from micaceous and chloritic flakes by aggregates of 
crystals of remobilized quartz. The crystals are smaller in size, with lo- 
bate and crenulated margins, and with an extinction which is sometimes 
straight, sometimes undulatory. Within the quartzitic plates, there are poi- 
kiloblasts of fractured gamet. 


61 AD-14.- Leucodiorite. About 4 km downstream from Tergeran (War- 
duj). 


A rock with an allotriomorphic granular texture, with heterodimensio- 
nal crystals. There is no preferential structure, except for a very slight 
orientation of the biotite aggregates. About 40% of the rock consists of 
quartz, and undulatory extinction is always present, together with fractu- 
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res whitin which no other minerals occur. Oligoclase and K-feldspar are 
never twinned, and they invariably present alteration staining; the biotite oc- 
curs as flakes, showing two different kinds of pleochronism: 

1° Ne Nm copper-red, brown Np pale yellowish-brown 

2° Ns Nm_ bright green Np pale yellowish-brown. 


61 AD-16. - Quartzdiorite. Near Deh Qalat, upstream (Wardu)). 


A rock with a hypidiomorphic granular texture with medium and coar- 
se grains. There are zones in which minute grains are present. There is 
finely banded texture, indicated by a cluster of small, subaligned flakes of 
biotite. Plagioclase generally is not twinned, and corresponds to a com- 
position of 40-45% An. The quartz shows a constant undulatory extinc- 
tion, and clear signs of mechanical pressure. 


3.5. Abu Abdal Granodiorite. 


61 AP-29. - Adamellite. Near Wular. 


It is a very sialic rock, rich in quartz, plagioclase and ortoclase, with few 
micaceous minerals. 

The grain is medium, the structure granular ipidiomorphic. Plagioclase 
presents oligoclase prisms 26-29% An, slightly zoned and altered, mainly at 
the core, in muscovite, the lamellae of which are placed along crystallo- 
graphic directions of the host mineral. There are sometimes patches of 
bigger laminae showing clear paracrystalline deformations. At the borders 
plagioclases are strongly corroded by potash-teldspar, represented by ortose, 
microcline, and microclinperthite. Potash-feldpar changes its form, from 
small interstitial nests to big patches including reabsorbed fragments of pla- 
gioclase. At the contact myrmekitic forms are often developed. Biotite is 
rather scarce and grown with feldspathic specimens marking their crystalli- 
ne margins. Paracrystalline deformations are noticeable also in potash-feld- 
spar and quartz. To them a late cataclasis follows, interesting all the com- 
ponents. 
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61 AP-49. - Leucogranodiorite. Near Zyarat-i-Kwaja. 


The rock is on the whole similar to sample 61 AP-104, but a greater 
diffusion of biotite in small euhedral lamellar patches. 


61 AP-104. - Leucodiorite. East of Sharan. 


The rock has a rather regular ipidiomorph structure and a composition 
essentially quartz-feldspathic with few micas. 


- 


Among the feldspars an acid oligoclase 17-18% An prevails. It is some- 
times slightly zoned, in euhedral prismatic sections. It often includes very 
corroded quartzous granules. Potash feldspar is in anhedral microcline spe- 
cimens with micropertitic clearings, they too included in quartz. Quartz 
presents patches of variable granulometry, partially substituting to feldspars 
in plagioclases. In plagioclases there are alterations in sericite, the lamel- 
lae of which are placed in oriented groups sometimes grading to a musco- 
vite. Biotite appears with some laminae of primary origin, partially substitu- 
ted by chlorite. An intense cataclasis with fractures interests all the com- 
ponents and in quartz also strongly undulating extinction appear. 


4. ROCKS OF THE MYLONITE BELTS. 


61 AE-21. - Tonalite. South of Masar Misi, 18& m a.s.l. 


A granular hypidiomorphic rock with a heterodimensional character, due 
to the different grain sizes of the various mineralogical constituents. The lar- 
gest crystals are represented by prisms of green hormblende , which attain 
a lenght of 4-5 mm, and have irregular margins, indicating that they were 
corroded by highly remobilized quartz. Another mineral present, together 
with hornblende in very small quantities, is biotite, in curved flakes of 1-2 
mm in Jenght, showing undulatory extinction and frayed margins. Among 
the leucocratic minerals, the sodic-calcic plagioclase is the only feldspar, 
having 0.5-2 mm crystals of andesinic composition; the remobilized quartz 
is recrystallized, and shows a fine granoblastic texture (= 0.1 mm). 
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61 AE-22. - Biotite-amphibole orthogneiss. West of Mazar Misi: meta- 
morphic belt. 


Granoblastic texture, (partly lepidoblastic), and schistose-gneissic textu- 
re, due to the iso-orientation of the micaceous flakes and of discontinuous 
streaks of quartz, having a leptinitic texture and undulatory extinction which 
enclose the amygdaloid sodic-calcic feldspar. The plagioclase contains up 
to 40% An and is occasionally twinned in the Albite, occasionally in the 
Carlsbad law, and occasionally not twinned at all. The quartz is also pre- 
sent in microblastic aggregates having irregular margins. The femic mine- 
rals are represented by biotite, predominant over the green hornblende, oc- 
casionally twinned; accessory minerals are epidote and apatite. 


61 AE-22b. - Amphibolite. Like 61 AE-22. 


Fine-grained rock with granoblastic equigranular texture (0.1-0.2 mm). 
The green granular hornblende is predominant, prisms are scarce. The pla- 
gioclase is subordinate and is rarely twinned. 


61 AE-23. - Micaschist. NW of Petwan. 


A rock of lepidoblastic texture, passing into granoblastic, with a ban- 
ded schistose texture consisting of alternating bands of predominatly mica- 
ceous composition and bands of quartz-feldspathic composition; the banded 
schistose texture is complicated by microfolds and contortions which are 
superimposed on the texture by compression stresses which probably occu- 
red at a later time; thus, both types of flakes are curved, and occasionally 
shows accordion folds with undulatory extinction. Almost all the leucocra- 
tic crystals are quartz, in equidimensional crystals, although they are of dif- 
ferent shapes, and have sutured margins and a strong undulator extinction. 
The plagioclase is subordinate. 


61 AE-24. - Blastomylonitic quartz diorite. .N Wof Petwan. 


A rock with a granoblastic texture, passing into lepidoblastic, with a not 
very apparent schistose texture. The most abundant constituent is plagio- 
clase, which forms ~ 50% of the whole, with individual crystals 1- 2mm long, 
occasionally with poikiloblastic zoning, due to the inclusion of small crystals 
of a different kind (epidote, mixture of epidote and pistacite, amphibole 
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small mica flakes). The quartz is heteroblastic, being present either in ag- 
gregates with a mosaic texture consisting of small crystals ~ 0.5 mm long; 
or in different-sized blast form, having a strong undulatory extinction and 
being about 2 mm long, which seems to originate from the fusion of the for- 
mer; or in streaks with a leptinitic texture. The biotite is present in irregu- 
lar curved flakes with an irregular extinction. The epidote is well repre- 
sented also with its varieties pistacite and hortite. 


61 AE-25. - Blastomylonitic quartz diorite. Metamorphic belt west of 
Kuwaki, 2176 m a.s.l, 


A rock with a granoblastic schistose texture; the most abundant mine- 
ral is quartz, either in the form of microblasts of ~ 0.5 mm forming an irre- 
gular mosaic texture, or in blasts of larger and irregular sizes (= 1-2 mm), 
with a strong undulatory extinction, within which the smaller crystals are 
enclosed. The feldspar is more than 10%, and is represented mainly by pla- 
gioclase. Among the micas, the most abundant is biotite, in irregudar flakes 
with irregular margins. 


61 AE-26. - Amphibole diorite. Pass between Haras Misi and Isak Kiti 
(south of altimetric point 2176 m of the map). 


A rock with an hypidiomorphic granular texture, medium-grained, 
in which the leucocratic and melanocratic minerals are equally represen- 
ted. Among the leucocratics, the feldspars are clearly more abundant than 
quartz; the former are plagioclases with an An content of 60% (labradorite). 
Among the melanocratics, the most prevalent is green hornblende, which is 
generally twinned; the biotite shows highly corroded flakes, and is slowly 
replaced by plagioclase. 


61 AE-34. - Biotite cornubianite. Some kilometres NE of Qara Kamar. 


A rock with a linear, schistose and fine-grained lepidoblastic texture, 
produced by fine-grained iso-orientated muscovite flakes, associated with 
streaks of microgranular quartz. In this aggregate, which can be considered 
as a matrix, are scattered crystallized nodules of small biotite flakes, inti- 
mately associated with very fine granules of opaque minerals; occasionally 
the micaceous flakes have larger sizes and very irregular margins. 
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61 AE-36. - Mylonite passing to blastomylonite. A belt in the granite 
west of Iskan. 


Clear schistose texture, due to dynamic phenomena; the schistosity is 
in bands, as a result of the alternation of massive horizons having mylonitic 
texture and recrystallized bands. There are bands rich in plagioclase crys- 
tals, which, although not completely crushed, show signs of intense frac- 
turing. Bands of extremely small flakes of white micas and a few granules 
of ferriferous epidote reveal the transformation of part of the feldspar. The 
quartz is for the most part recrystallized in discontinuous streaks, having a 
mosaic texture and ranging in size from fine to microcrystalline. Finally, 
small aggregates of calcite with mosaic texture have replaced part of the ori- 
ginal leucocratic material, which probably constituted a rock of granitoid 


type. 
61 AE-40. - Amphibolite. £00 m east of Samaiti. 


A rock with a non-schistose nematogranoblastic texture. Amphibole 
and plagioclase are the most common minerals, and represent about 85% of 
the rock. The amphibole is crystallized in prisms which are slightly pleo- 
chroic, representing a member of the hornblende family (angle of extinction 
c:¥ 16’-24’), and in fibres belonging to the tremolite-actinolite series. The 
prisms appear broken up and with eroded margins, due to the progressive 
replacement by quartz and plagioclase; the latter is poikiloblastic, and in- 
cludes a large amount of microlites, consisting of fibres of an amphibole, 
grains of apatite, zircon and zoisite. The quartz forms little streaks with a 
mosaic texture. 


61 AE-42. - Mylonite. Near Arga Qeshlaq. 


The rock is characterized by a groundmass of mylonitic nature partly 
criptocrystalline, partly isotropic, including quartzous and feldspathic speci- 
mens together with minerals of saussurritic origin very cataclastic. 

Among these inclusions, quartz is the prevailing element diffused in 
splinters, lenses and roundish masses of variable dimensions. The bigger 
elements present intense fractures partly zoned by microgranoblastic veins 
due to following blastesis. All the quartzous elements have marked undu- 
lating extinction. There are also some fragments of albite and orthose crys- 
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tals covered by thin sericitic neoformations. The minerals of saussuritic 
origin are represented by sericitic fibrous aggregates, by veins and patches 
of floor calcite, and by granular groups of epidote. Also the ground mass 
is in great part due to the mylonisis of analogous elements of saussurritic 
origin. 


61 AE-44. - Fine biotitic veined gneiss with cordierite. Near Kwaja Af- 
ghani. 


The rock consists of the alternance of quartzous-feldspathic veins and 
bands of gneissic composition, with fine-grained biotite and cordierite. 

The sialic veins are exclusively made up of limpid quartz with crystal- 
line coarse-grained form, including relics quite totally reabsorbed of biotite 
and acid plagioclase. The gneissic bands have a fine contexture of quite 
cornubianitic structure composed of quartz, plagioclase, little potash feld- 
spar, biotite. The cordierite crystals are scattered in the gneissic contextu- 
re, but particularly at its contact with the sialic veins. They appear as poi- 
kiloblast with polygonal form full of inclusions of biotite, apatite, zircon 
and spinel; often altered in light mica, talc and isotrope substances with li- 
monitic pigmentation often at the borders. 


61 AE-53. - Quartz dioritic blastomylonite. Near Sang Ab. 


The sample presents a blastomylonitic and quartz-dioritic nature of the 
original rock, 

It is possible to distinguish abundant crystals with euhedral prismatic 
form of acid oligoclase covered by a diffused patina of argillaceous sericitic 
alteration that come into evidence as idioblasts on a quartzous aggregate 
crossed by chloritic veins and rows. In this aggregate a medium granular 
portion with mosaic look appears. It underwent a moderate recrystalliza- 
tion without clastesis, and a microcrystalline portion in reticular apophysis 
and bands, made by intense mylonisis and following blastesis, is noticeable 
too. The original micaceous minerals, probably biotite, were totally chlori- 
tized and grouped in veins and rows associated with diffused segregations 
of iron oxides, sometimes crystallized in cubic forms. Fine tabular biotite 
Jaminae without chloritization are seldom noticeable. Muscovite laminae 
are sometimes found as product of transformation of feldspar, with epidote 
granules. 
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61 AE-54. - Blastomylonite. Sang Ab. 


A rock with a blastomylonitic and slightly schistose pseudoaugen tex- 
ture because in a matrix of fine-grained crystals are embedded homeo- 
blasts of quartz (0.2-0.3 mm), having a mosaic texture. The microcrystalline 
part is formed mainly by sodium plagioclase and quartz; local recrystalliza- 
tion has welded part of the microcrystals forming larger ones, in which the 
suture lines of the original crystals can still be seen. Biotite is scarce, and 
has been changed into chlorite. The minerals present and their percentage 
suggest that this blastomylonite derives from a granitoid rock. 


61 AE-55. - Microgranular amphibolite. Sang Ab. 


A fine-grained rock with a diablastic texture, due to interdigitation of 
the hornblende type amphibole (c : y 18’-25°) and the plagioclase. A few 
crystals of plagioclase and amphibole are present, the sizes of which are 
about a millimetre, and give them a clearly porphyroblastic appearance. 
The rock is permeated by a network of small fractures, filled with chlorite 
or calcite. 


61 AE-59. - Biotite paragneiss. Small valley SE of Sang Ab. 


A rock with a granoblastic (partly lepidoblastic) banded schistose tex- 
ture, due to the alternation of zones in which quartz with felspar is predomi- 
nant and micas are subordinate with others having a gneissic composition. 
The contacts are quite distinct. The quartz veins consist, for the most part, 
of transparent heteroblastic quartz (0.2-0.5 mm), having lobate margins and se- 
ricitized interstitial feldspar. In the zones with a gneissic composition, the 
sodium-plagioclase is predominant, and it is generally highly sericitized and 
accompanied by small iso-orientated flakes of biotite and quartz. 


61 AE-61. - Blastomylonite. Kangurchi valley. 


A rock with a blastomylonitic texture in which microcrystalline zones, 
produced by strong fracturing, followed by weak recrystallization, alternate 
at random with medium-grained zones. The latter are due partly to more 
intense local recrystallization which produced granules of larger size, and 
mainly to crystals which, although showing strong distortions of their crys- 
talline structure, have generally resisted fracturing. 
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61 AE-62. - Staurolite gneiss. East of Kangurchi. 


The rock consists of a fine, regularly oriented aggregate of quartz gra- 
nules, of small plagioclasic crystals quite totally sericitized, of biotite and 
muscovite in quite equivalent quantity, scattered and grouped in lepidoblas- 
tic beds. 

The ferriferous segregations are abundant, chiefly along micaceous 
beds. In this contexture staurolite poikiloblasts of medium dimensions are 
noticeable. They are full of quartzous inclusions in which 2V = + 87° and 
there is a light pleochroism in the folowing colours: N» = light-yellow, N= 
= rose-yellow, Ne = colourless. 


61 AE-64. - Metadiorite. East of Kangurchi. 


A rock with inequigranular, mosaic texture and some rare idiomorphic 
crystals. The plagioclase is the mineral which crystallizes in the largest 
grains (2-3 mm), generally strongly saussuritized, particularly in the most 
calcic central areas when these are zoned; quartz, on the other hand, is 
crystallized in transparent aggregates of smaller sizes with either a straight 
or slightly undulatory extinction; the aggregrates are welded together to 
form an irregular shaped net which surrounds the plagioclase crystals. Rem- 
nants of biotite flakes are rare, while small chloritic clusters are common; 
their random disposition indicates that they crystallized in a static environ- 
ment. Epidote in the zoisite and pistacite varieties is an accessory. 


61 AD-18. - Gneiss granite. Upstream from Zebak (Sanglik valley). 


A rock with a mosaic equigranular texture, without any definite orien- 
tation, which can be seen indistinctly in the confused arrangement of the mi- 
caceous bands. The most abundant constituent is plagioclase of the albite- 
oligoclase variety; it is rarely twinned, and regularly shows a_ saussuritic 
grid. There are smaller amounts of K-feldspar with an alteration of the kao- 
linitic type, and the quartz shows straight extinction. 


61 AD-19. - Quartz monzonite. At the buck of Zebak. 


A rock with a hypidiomorphic granular texture showing plagioclase and 
biotite idiomorphic to quartz and K-feldspar. There is no distinctive textu- 
re. The rock seems to originate from the recrystallization of a finer-grained 
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rock, of which traces are preserved in a few parts of the thin section, and 
in a few crystals of plagioclase. The plagioclase is closely twinned, with 
twinning of the albite or albite-Carlsbad laws; the maximum angle of extinc- 
tion measured in symmetric zones is 15°, which corresponds to an An com- 
position of 35%. The K-feldspar has clear post-crystalline deformation with 
a grid structure of microcline type. The quartz is intensely fractured, but 
with a straight extinction. In the largest fractures, sparry calcite occurs. 


6B. DESCRIPTION OF THE SPECIMENS OF METAMORPHIC 
AND PLUTONIC ROCKS FROM THE LAKE SHIWA AREA (‘), 


61 AP-11. - Granite. To the west of Kotal-i-Kurang, at bottom of the 
Nakhshir Par valley. 


The rock is a massive, slightly porphyritic microcline granite; like the 
samples of granodiorite collected from the intrusive bodies outcropping 
along the bottom of the Nakhshir Par valley this unique granite sample is 
weathered: the plagioclase is extensively sericitized and in place of the ori- 
ginal biotite only chlorite occurs as large flakes containing sagenitic rutile 
and intralamellar laminae of muscovite. Microcline, showing well develo- 
ped cross-hatched twinning, is very poor in perthites. Myrmechite is rather 
frequent. Among the accessories allanite is noteworthy, occurring as well 
developed and zoned crystals within plagioclase. 


61 AP-12. - Hornfels. Bottom of the Nakhshir Par valley, 3 km downstream 
from Kotal-i-Kurang. 


The rock belongs to the group of thermally metamorphosed schist of 
pelitic origin collected in the nearest contact with granodiorite in the Nakh- 
shir Par valley (samples 61 AP-12, 12a, 14a, 14b, 14c). The rock is fine-grain- 
ed, well foliated, dark grey in colour; it contains light rod-shaped volumes 
with lenticular section and measuring a few centimetres in lenghth which 
give way to protuberances on the schistosity planes. The aluminum silica- 


(1) The descriptions of the samples is arranged in progressive order of the labels. 
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tes, that are, sillimanite (both fibrolite and sillimanite as small squat prisms), 
andalusite and kyanite occurs exclusively within these volumes, except silli- 
manite which also composes short and narrow streaks parallel to the folia- 
tion and contiguous laterally to the rod-shaped volumes. Muscovite, quartz, 
plagioclase and fine-grained staurolite also occur within the rod-shaped vo- 
lumes. By textural and mineralogical features, compared with other occur- 
rences of aluminum silicates in contact schist from the Nakhshir valley, the 
rod-shaped volumes are interpreted as relict forms of columnar andalusite. 
The groundmass of the rock is composed of quartz, biotite, muscovite stau- 
rolite and garnet, the latter two minerals occurring in small amount as mode- 
rately developed idioblasts. Additional minerals are apatite, zircon, ilmeni- 
te, tourmaline and graphite. 


61 AP-12a. - Hornfels. Bottom of Nakhshir Par valley, 3 km downstream 
from Kotal-i-Kurang. 


The distinctive feature of this rock is the occurrence of square or 
cruciform-outlined squat volumes, about 2 cm in size, which are referred to 
original andalusite porphyroblasts undergone a rather complex alteration 
process as results by their mineral composition and texture. In these volu- 
mes the following minerals occur in in decreasing proportions: muscovi- 
te, kyanite, staurolite, quartz, andalusite, plagioclase, sillimanite and fi- 
brolite, mostly with variable ratios from point to point within each volume. 
The groundmass, very rich of dusty graphite, is foliated with undulating 
schistosity. In it quartz and biotite, toghether with graphite, are the chief 
components, garnet, and staurolite and muscovite occur in subordinate 
amounts, while fibrolite is found only in the groundmass in the nearest zone 
around the square and cruciform-outlined volumes. Garnet and staurolite 
are slightly porphyroblastic. 


61 AP-13. - Hornfels. Bottom of the Nakhshir Par valley. 


The rock is similar in hand specimen to the sample 61 AP-12, but does 
not contain the characteristic rod-shaped volumes found in it, being very uni- 
form in texture. Reflecting the megascopical features no trace of aluminum 
silicates are found in this sample. The mineral assemblage and texture are 
similar to those found in the groundmass of sample 61 AP-12. 
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6] AP-13a. - Muscovite-biotite schist. Bottom of Nakhshir Par valley. 


This is the rock with the simplest mincralagy among the schists surround- 
ing the igneous bodies outcropping in Nakhshir Par valley. The rock is 
composed of rather irregularly alternating dark and light bands, measuring 
a few millimetres across. The dark bands are composed of a medium fine- 
grained aggregate of quartz and biotite with moderately oriented structure; 
in the light bands only muscovite occurs as aggregates with decussate struc- 
ture. Oligoclase, tourmaline and opaque minerals occur in addition in the 


dark bands. 


6] AP-l4a. - Hornfels. Bottom of Nakhshir Par valley, 3 km downstream 
from Kotal-i-Kurang. 


The rock is similar to sample 61 AP-12a, particularly in mineralogy 
and texture of the groundmass. A lesser graphite content is however found 
in it. The andalusite structural relics, occurring as square and cruciform- 
outlined volumes are more frequent and more simple in mineralogy in com- 
parison with sample 61 AP-12a. They are, in fact, composed chiefly by 
kyanite and in subordinate amount by muscovite; scarce staurolite also oc- 
curs, while some fibrolite is found only in the nearest zone around these vo- 
lumes. 


61 AP-14b. - Hornfels. Bottom of Nakhshir Par valley, 3 km downstream 
from Kotal-i-Kurang. 


This rock too differs from sample 61 AP-12a essentially in the features 
exhibited by the andalusite structural relics. In this sample they are rather 
rare and of lesser size, about 0,5-0,7 mm, and are composed of muscovite, 
kyanite and or a discrete amount of staurolite. Also in the groundmass 
staurolite occurs in greater proportion than in sample 61 AP-12a. 


61 AP-l4c. - Hornfels. Bottom of Nakhshir Par valley, 3 km downstream 
from Kotal-i-Kurang. 


The rock, medium fine-grained, is the richest both in graphite and bio- 
tite among the contact schist from the Nakhshir Par valley, so that in hand 
speciment it shows black colour and an appreciable luster. The structure 
of the rock is foliated and finely folded; the probable andalusite relics occur 
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as slightly rotated square-outlined volumes about half a centimetre in size. 
Actually they are composed of muscovite and subordinately of staurolite and 
kyanite. Andalusite, referred to a younger generation, appears to have 
grown near the border of square-outlined areas toward the groundmass as 
poikiloblasts; nearby some sillimanite occur. In the groundmass of the rock 
biotite is abundant and occurs as well developed flakes, brownish-red in 
colour, oriented either parallel either, the larger ones transverse to the 
schistosity. Garnet occurs as small porphyroblasts with dusty cores. 


61 AP-15. - Granodiorite. To the west of Kotal-i-Kurang, at bottom of the 
Nakhshir Par valley. 


The rock is massive, coarse-grained and slightly porphyritic in struc- 
ture. It is composed essentially of andesine (37-30% An), quartz, perthite- 
poor microcline, biotite and scarce hornblende. The plagioclase crystals are 
often bordered by narrow more albite-rich rims (18-10% An) particularly at 
contact with potash feldspar. Replacement antiperthite are occasionally 
found. The texture of the rock is hypidiomorphic granular; imprints of weak 
cataclasis are shown both by the occurrence of quartz as granoblastic ag- 
gregates of strained grains and by fractures in feldspars, which are filled 
with albite, microcline and quartz and give way to sharply limited intersec- 
ting veins. These veins are cut by younger veins composed of clinozoisite. 
Clinozoisite is also found replacing biotite toghether with albite and micro- 
cline. 


6] AP-16. - Granodiorite. To the east of Kotal-i-Kurang. 


The rock is massive, coarse-grained and contains scattered schlieren, 
measuring a few centimetres, with fine grain size and dark grey in colour in 
which rare larger plagioclase crystals are recognizable with naked eyes. In 
comparison with other granodiorite samples (61 AP-17/26 and 61 AP-15) 
the rock here described is distinguished mineralogically by a rather lower 
content in potash feldspar and the occurrence of more hornblende among 
the coloured components. The mineral assemblage is: plagioclase (actually 
saussuritized), quartz, nonperthitic potash feldspar, biotite and hornblende. 
Accessory minerals are apatite, zircon and sphene. The texture is hypidio- 
morphic granular; the interstitial quartz shows a mosaic texture. Transforma- 
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tions due to weathering are only shown by plagioclase and biotite, while the 
alkali feldspar and the homblende are fresh; the latter appears to have been 
largely replaced by biotite. The dark schlieren are composed of hornblen- 
de-biotite microdiorite and contain more fresh plagioclase of composition 
ranging from 30 to 38% An. 


61 AP-17/1. - Medium-grained banded gneiss. Saddle between Amu Darya 
valley and Shiwa Lake, above Arakht. 


The rock shows a rather poorly developed banding at the scale of 
about 1 cm; small plagioclase eyes are visible in hand specimen. The essen- 
tial components are plagioclase (24-26% An), quartz, potash feldspar ortho- 
clase, with 2Va = 50°) and biotite. Additional minerals are apatite, zircon 
and allanite. The plagioclase is moderately deformed, usually albite, or, 
more rarely, albite and pericline twinned, and inclusion-free except for some 
quartz drops. The potash feldspar, non-perthitic and untwinned, occurs ei- 
ther as large anhedral crystals of the same size than plagioclase, or as small 
interstitial patches. In the first case it is always surrounded by conspicuous 
myrmechite grains. Myrmechite also occurs rimming plagioclase crystals at 
contact with potash feldspar. The biotite is reddish-brown in colour and 
makes up narrow, undulating, discontinuous streaks. 


61 AP-17/2. - Gneissose pegmatite. Saddle between Amu Darya and Lake 
Shiwa, above Arakht. 


The sample comes from a pegmatoid occurring as large concordant lens 
about 50 cm thick within medium-grained banded gneiss of type described 
above (sample 61 AP-17/1). The rock is milky-white in colour and contains 
scattered dark biotite-rich nest and oriented trails. The composing feldspar 
is chiefly perthite-poor orthoclase showing 2Va = 58'-54’; slightly sericitized 
plagioclase occurs in subordinate amount. Also quartz is rather scarce and 
irregularly distributed ad medium-grained crystals showing strongly undu- 
lose extinction. Fine-grained aggregates, composed of plagioclase (oligocla- 
se 25% An), myrmechite and quartz are often interposed between adjacent 
micaceous trails. The biotite is reddish in colour and partially chloritized. 
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61 AP-17/3. - Fine grained garnet-bearing banded gneiss. Along the slope 
between Lake Shiwa and the saddle above Arakht. 


The rock is representative of darker bands occuring among banded 
gneisses of granitoid composition. It is fine-grained and finely (mm) ban- 
ded; the thin lighter and darker bands alternate rather irregularly; few feld- 
spar eyes, some millimetres in size, are developed along the light bands. 

The darker bands seen under the microscope are composed of rougly 
oriented and often frayed flakes of dark reddish-brown biotite and of irregu- 
lar small grains of quartz and plagioclase. In the lighter bands plagioclase 
(30-26% An) is prominent. The feldspar is always twinned (albite and peri- 
cline), slightly deformed, as shown by bending of twinning lamellae and by 
veins filled with fine-grained quartz, myrmechite and biotite, and someti- 
mes contains replacement perthites of potash feldspar. Quartz occurs as 
fine-grained granoblastic aggregates of small particles showing jagged outli- 
nes. Perthite-free orthoclase (2V¢ = 38°-50°) occurs either as poorly deve- 
loped interstitial patches and films or, rarely, as larger grains at centre of 
lighter bands. Myrmechite borders are found around the plagioclase at the 
contact with orthoclase. Thin borders of untwinned albite also occur ins- 
tead of myrmechite. Garnet is found within light bands as irregularly sha- 
ped scattered grains poikilitically including plagioclase, quartz and green 
biotite. The other additional minerals are apatite, allanite, zircon and iron 
oxides. 


61 AP-17/4. - Amphibolite (metagabbro). Along the slope between Lake 
Shiwa and the saddle above Arakht. 


The sample belongs to the less altered basic rock found in agmatites 
occurring in the migmatite complex of the Shiwa Lake area. The rock is 
almost massive in structure and medium to fine-grained. It is essentially 
composed of an equigranular aggregate of anhedral crystals of green-brown 
hornblende and plagioclase. The plagioclase shows moderate normal zo- 
ning (43-27% An). Biotite, quartz, Fe-Ti oxides, clinopyroxene, garnet, apa- 
tite and zircon occur in subordinate amount; sphene of secondary origin af- 
ter ilmenite is also found. Both gamet and pyroxene (augite showing 2Vy 
= 56°-57° c/y = 44°) are very scarce: the former occurs as largely poikili- 
tic irregular grains, the latter is included in homblende as relics. On ac- 
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count of both mineralogical and textural features the rock can be ascribed 


to a microgabbro or microdiorite as parental speterial. 
wy Lihalls, 
wong 3 






61 AP-17/5. - Gametiferous biotite amphib 
Lake Shiwa and the saddle above Arg Fao) otal ahy 


The rock belongs to the heterogeneous band gneisses occuring near 
the agmatite complex from which the above-described amphibolite (61 AP- 
17/4) comes. The rock was sampled from a dark band near the contact with a 
pegmatoid one. In hand speciment it is dark grey in colour, medium to coarse- 
grained and mostly massive. A slightly oriented structure results from the 
alignement of garnet granoblast and flattened light coloured patches. The 
mineral assemblage is composed of brown hornblende, plagioclase (27-28% 
An), garnet, biotite and quartz. Additional minerals are Fe-Ti oxides (main- 
ly ilmenite), apatite and zircon. The garnet is rosy coloured and _poikilo- 
blastic, including almost all the other minerals as scattered small grains. 
The biotite occurs as large unoriented flakes showing a strong pleochroism 
(a = honey-yellow; 8 and y = dark reddish-brown). Quartz occurs either 
as granoblasts of medium size or as drops included in plagioclase. Unlike 
most of the banded gneisses the rock does not show any sign of post-crystal- 
line deformation in its minerals. 


61 AP-17/6. - Leucocratic biotite-plagioclase gneiss. Eastern side of the 
inlet along the northern coast of Lake Shiwa. 


The rock is representative of the most leucocratic plagioclase gneiss oc- 
curing within the migmatite complex of the Lake Shiwa area. It is medium- 
grained and shows a gneissose, vaguely banded structure; plagioclase indi- 
viduals are clearly recognizable in hand specimen. The larger plagiocla- 
ses always occur as single, unoriented crystals poor in inclusions and _ twin- 
ned according to the albite and pericline laws; they are oligoclase-andesine 
in composition (30-32% An) and slightly zoned (with reverse zoning). The 
groundmass is composed of quartz, plagioclase as grains of small size and 
biotite, the later occurring as oriented and well developed flakes showing 
reddish-brown colour. Potash feldspar is present in very scarce amount both 
in groundmass and included within larger plagioclases. The accessory mi- 
nerals are apatite, zircon and allanite. 
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61 AP-17/7. - Hornblende-biotite banded gneiss. Western side of the inlet 
along the northern coast of Lake Shiwa. 


The rock, medium fine-grained and very poor in coloured minerals, 
shows banding at the scale of a few millimetres to 1-2 cm and a strongly 
oriented structure, both macroscopically and under the microscope; in the 
latter case, in fact, not only biotite and hornblende appear oriented, but 
also the colourless minerals are seen occuring as ribbon (quartz) or flatte- 
ned lenses (quartz and potash feldspar) parallel to the gneissosity and ban- 
ding. The dark bands are composed of biotite, showing brownish green 
pleochroism, green hornblende, plagioclase (26-27% An) and quartz and are 
rather continuous. The light bands are composed of oligoclase (27-24% An), 
quartz, orthoclase (2Va = 40") and some myrmechite. The potash feldspar 
is totally free of perthites and occur either as larger grains of the same size 
than plagioclase and anhedral with respect to it or, more frequently, as small 
interstitial grains or, in rare cases, as replacement perthite within plagiocla- 
se. Additional minerals of the rock are apatite, zircon, iron oxides and 
chlorite, the latter occuring either partially replacing biotite by alteration, 
either as small flakes scattered within the light bands. 


61 AP-17/8. - Granitic augen gneiss. Northern coast of Lake Shiwa. 


The rock has a rather poorly developed porphyroblastic gneissose struc- 
ture and granitic mineral composition, being composed essentially of potash 
feldspar (perthite-poor orthoclase showing 2Va = 56”), oligoclase (23-25% An) 
and quartz in almost equal amounts and of minor proportions of biotite and 
myrmechite. Additional minerals are zircon, apatite and allanite. The au- 
gen structure results from the occurrence of larger crystals of orthoclase and, 
less frequently, of oligoclase as well as of few quartz lenses within a fine- 
grained quartz-feldspathic groundmass. Myrmechite is apparent, both at 
borders of the larger potash feldspar individuals and in the groundmass. 
Albite, instead of myrmechite, often occurs at borders of small plagioclase 
crystals included in orthoclase. The fabric of the rock shows effects of 
strain, above all in quartz and to a lesser extent in plagioclase. 


61 AP-17/9. - Granitic augen gneiss. Northern coast of Lake Shiwa. 


The rock has the same mineral composition than the granitic augen 
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gneiss 61 AP-17/8 but a decidely better developed augen structure. 
The eyes are quite variable in size from a few millimetres up to some cen- 
timetres and are irregularly distributed. The larger ones are composed of 
a few potash feldspar crystals (orthoclase going to transform to microcline 
as results from 2V values and twinning) generally bordered by myrmechite, 
and look like pegmatitic concretions; the less developed eyes are mostly 
single orthoclase (2Va = 53°-54’) and oligoclase (25% An) crystals. Among 
the accessories allanite is noteworthy, occuring as well developed indivi- 
duals with perfect crystal habit. 


61 AP-17/10. - Gneissose pegmatite. Northern coast of Lake Shiwa. 


The rock is associated with augen gneiss of more leucocratic and ‘coar- 
ser-grained type than the augen gneiss described above (sample 61 AP-17 
/9); gradational contacts in these rocks were observed in the field. In mi- 
neralogy and structure of this pegmatite is similar to sample 61 AP-17/2. 


61 AP-17/ll. - Medium-grained banded gneiss. Northern coast of Lake 
Shiwa. 


This sample is a biotite-poor banded gneiss characterized by an even 
grain size and a neat banding at the scale of 1-2 cm. Apart its lesser con- 
tent in biotite and the total absence of feldspathic augen the rock is similar 
to the banded gneiss 61 AP-17/1. Another distinctive feature with respect 
to sample 61 AP-17/1 is the occurrence within potash feldspar grains, most- 
ly untwinned and showing axial angle of orthoclase, of shaded patches cha- 
racterized by the typical cross-hatched twinning of microcline. 


61 AP-17/12. - Biotite-rich gneiss. Northern coast of Lake Shiwa. 


The sample here described is the richest in biotite and that possessing 
the most fine grain size in the group of plagioclase gneiss which could be 
examined (samples 61-AP/6, /12, /13). The rock is dark grey coloured in 
hand specimen and shows a strong foliation. It is composed essentially of 
about 50% andesine (33-35% An) and of quartz and biotite in equal amounts. 
Additional minerals, represented by apatite, iron oxides and zircon, occur 
in much greater proportion than in the other plagioclase gneisses. 
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61 AP-17/13. - Biotite-plagioclase-quartz gneiss. Northern coast of Lake 
Shiwa. 


The rock, medium fine-grained and slightly porphyroblastic, grades in 
the field to the more biotite rich plagioclase gneiss 61 AP-17/12. In texture 
and biotite content the sample is intermediate between the above named 
sample and the most leucocratic plagioclase gneiss (sample 61 AP-17/6). 


61 AP-17/14. - Biotite-amphibole schist. Northern coast Lake Shiwa. 


The rock is fine-grained, dark greenish-grey in colour and weakly folia- 
ted. In thin section two S-surfaces, lying at low angle with each other, are 
recognized, the chief put into evidence by parallel arrangement of amphi- 
bole slender prisms, the latter defined by oriented biotite flakes. The mi- 
neral association is hornblende, plagioclase (30-28% An) biotite, sphene and 
quartz. Apatite and Fe-Ti oxides occur in addition, toghether with some po- 
tash feldspar, the latter being present as replacement perthites or veins fil- 
ling fractures within plagioclase. The hornblende, mostly occurring as lar- 
ge poikilitic prisms with porphyroblastic appearance, is strongly coloured 
and moderately zoned, the absorption colours, for y, changing from bottle- 
green at the core of crystals to bright blue-green at borders of larger prisms 
or in smaller grains. The biotite, brown green in colour is altered to a lit- 
tle extent to chlorite and epidote. Sphene is abundant, particularly in asso- 
ciation with biotite, and well crystallized. There is evidence, in the whole 
rock fabric, of a late dynamic metamorphism to which perhaps only biotite 
crystallization survived. 


61 AP-17/15.- Blastomylonitic augen gneiss. Northern coast of Lake Shiwa. 


The rock belongs to the group of cataclastically deformed augen gneiss 
occurring near Lake Shiwa and is representative of type showing relatively 
moderate deformation and diaphtoritic changes of minerals (plagioclase and 
biotite). It is coarse-grained and greenish-white in colour. Perthite-poor- 
microcline, sericitized plagioclase and quartz are the chief components and 
occur in almost equal amount; scarce chlorite, accompanied by sphene, iron 
oxides and white mica and evidently derived from biotite, is also present. 
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61 AP-17/16. - Blastomylonitic augen gneiss. Northern coast of Lake Shiwa. 


The rock belongs to the group of augen gneiss, granodioritic in mineral 
composition, and of aplites cataclastically deformed at high temperature oc- 
curring near Lake Shiwa. It shows a well developed augen structure, as 
contains feldspar eyes up to 0.5 cm in size set in a fine-grained groundmass 
composed of finely granulated plagioclase, quartz, microcline and myrme- 
kite and partially wrapped around by pseudoschistose quartz layers and 
biotite streaks. The larger feldspars are either plagioclase (30% An) porphy- 
roclasts either microcline (lacking or very poor in perthites) phenoblasts 
showing features of porphyroblasts. The additional minerals are represen- 
ted by apatite, ilmenite and zircon. 


61 AP-17/17. - Fine-grained banded gnesis. Northern coast of Lake Shiwa. 


The rock is similar in texture and mineral composition to the garnet- 
bearing banded gneiss 61 AP-17/18. Garnet is lacking, and a somewhat 
greater proportions of potash feldspar and myrmekite occur. 


61 AP-17/18. - Metagabbro. Northern coast of Lake Shiwa. 


The rock is medium fine-grained, greenish-black in colour and almost 
massive. Under the microscope a sub-ophitic texture is still recognizable, 
plagioclase occurring as mostly subhedral, randomly oriented laths, amphi- 
bole, which is the other essential component of the rock, being present as 
subahedral to anhedral crystals. The plagioclase shows zoning (67-40% An) 
except in some individuals with granoblastic appearance which have an uni- 
form andesine composition (38-40% An). The amphibole is a green homblen- 
de and is partly replaced by biotite. Fe-Ti oxides and partite occur as pri- 
mary accessories. Sphene, chlorite, quartz and potash feldspar, all of secon- 
dary origin, are found in little amount mostly filling fractures. 


61 AP-17/19. - Blastomylonitic pegmatite. Northern coast of Lake Shiwa. 


The rock, medium-grained and white in colour, shows a distinct folia- 
tion essentially due to quartz pseudoschistose layers. The mineral assembla- 
ge is composed of plagioclase (with about 10% An), microcline, microperthite 
and quartz; blue-green tourmaline, garnet, albite (an almost pure term) myr- 
mekite and white mica occur in addition. The feldspar, as well as tourma- 
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line and garnet, are fractured and cemented by quartz and, more rarely, 
by albite and white mica. Garnet shows diaphtoritic changes to chlorite. 
On the base of the mineralogical and textural features the rock can be inter- 
preted as deriving, by dynamic metamorphism under low temperature con- 
ditions, from a pegmatite or an aplite-pegmatite. 


61 AP-17/20. - Blastomylonitic augen gneiss. Northern coast of Lake Shiwa. 


The rock is rather similar to the augen gneiss 61 AP-17/16, differing 
from it mostly in texture, in showing a more advanced stage of deformation, 
which produced a more marked foliation and a stronger cataclasis of the 
feldspar eyes, particularly in plagioclase. Some mineralogical differences, 
partly related to stronger cataclasis, are also noticed: the larger plagioclases 
are zoned (37-30% An), the microcline phenoblasts are richer in perthites and 
among the accessories sphene occurs, while opaque minerals are lacking. 


61 AP-17/21.- Garnet-sillimanite schist. Northern coast of Lake Shiwa. 


The rock was sampled from a raft interposed, probably with tectonic 
contacts, within augen gneiss. It is dark grey in colour fine-grained, mo- 
derately foliated and finely zoned in consequence of a still preserved bed- 
ding. 

The mineral assemblage of the rock is composed of quartz, biotite, 
muscovite, sillimanite and garnet, the latter occuring in little amount. Ad- 
ditional minerals are tourmaline, zircon, apatite and iron oxides. Effects of 
cataclasis are shown by quartz and garnet, subordinately by micas and sil- 
limanite. This one is the fibrolite variety and occurs in considerable pro- 
portions as bundles of fine needles distributed everywhere; some larger 
squat sillimanite prisms, probably formed by recrystallization of fibrolite, al- 
so occur. This schist is interpreted as a thermally metamorphosed pelitic 
rock. 


6] AP-17/22.- Blastomylonitic augen gneiss. Northern coast of Lake Shiwa, 
near the left hand side of the Darrah-i-Kotal valley. 


The rock middle coarse-grained and greenish-white in colour, is slightly 
schistose (pseudoschistose); also the augen structure is poorly marked in 
hand specimen, with the exception of some larger potash feldspar eyes which 
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are well recognizable for their pinkish-white colour. The rock is compo- 
sed of strongly deformed feldspar porphyroclast of microcline microperthite 
and of plagioclase (30% An) embedded in a fine-grained matrix made up of 
stretched quartz grains and of minor amounts of plagioclase and microcline. 
The content in coloured minerals is scarce, like in other blastomylonitic au- 
gen gneiss having a comparable potash feldspar/plagioclase ratio (61 AP-17 
/15, 61 AP-17/24). Actually they are represented by chlorite, Fe-Ti oxides 
and sphene pseudomorphous on biotite as is argued by texture and survival 
of pleochroic halos within chlorite. 


61 AP-17/23,. - Metagabbro. Northern coast of Lake Shiwa, near the left 
hand side of the Darrah-i-Kotal valley. 


The rock, coarse-grained and massive, has a spotted appearance due to 
the separation of colourless and coloured minerals as polycrystalline aggre- 
gates. The essential mineral association is made up of plagioclase (52-30% 
An) and hornblende; biotite, sphene and quartz are found in minor 
amounts. Ilmenite, apatite and scarce thulite occur as primary (i.e. of mag- 
matic origin) accessories. Amygdales composed of quartz, chlorite and/or 
actinolite occur. The texture of the rock is variable from point to point: 
the amphibole, a green hornblende, mostly occurs as aggregates of a few 
large randomly oriented prisms often showing schiller structure and inclu- 
ding scattered biotite flakes and sphene grains, while plagioclase either oc- 
curs as well developed and fractured single crystals, turbid due to alteration, 
or makes up aggregates of small granoblasts with sutured boundaries. With 
respect to origin the rock is interpreted as a gabbro (or diorite) subjected to 
an essentially dynamic metamorphism. 


61 AP-17/24. - Blastomylonitic augen gneiss. Left hand side of the Dar- 
rah-i-Kotal valley. 


This rock has many analogies with samples 61 AP-17/15 and 61 AP-17 
/22; like these it shows the imprint of strong (more intense than in the latter 
samples) dynamic metamorphism accompanied by recrystallization of quartz 
alone, toghether with some alkali feldspar, and diaphtoritic changes of other 
minerals (biotite and plagioclase). A distinct feature of the rock here de- 
scribed is the frequent occurrence of intersecting veins cross-cutting both 
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the feldspar porphyroclasts and the quartz pseudoschistose layer, which 
point out a late cataclastic action. The veins are filled with quartz, chlorite, 
albite and, within potash feldspar eyes, with granular perthite-free clear mi- 
crocline. 


61 AP-17/25. - Blastomylonitic aplite. Left hand side of the Darrah-i-Kotal 
valley. 


The rock, whitish in colour and medium fine-grained, possesses a well 
developed foliation due to the parallel arrangement of muscovite flakes ma- 
king up thin layers and to quartz pseudoschistose strips. Its mineral assem- 
blage is composed of oligoclase (28% An), orthoclase (2Va = 52”), partly 
transformed to microcline, quartz and muscovite. Garnet, biotite (both 
chloritized p.p.), apatite, zircon and albite, the latter occurring as thin 
veins in fractures, are present in adddition. 


61 AP-17/26.- Cataclastic granodiorite. Right hand side of Ab Zijan val- 
ley. 


The rock has a distinct augen stucture due to the occurrence of roun- 
ded feldspar individuals up to 0,5 cm in size within a dark, fine-grained 
weakly foliated groundmass. In structure, the rock is intermediate between 
massive granodiorite of the adjacent igneous bodies (samples 61 AP-16) and 
the biotite-bearing blastomylonitic augen gneisses (samples 61 AP-17/16 and 
61 AP-17/20). It is composed of oligoclase (with composition ranging due 
to zoning, from 23% An to 8% An), microcline microperthite, quartz and bio- 
tite. Some myrmekite is found near potash feldspar; albite and non perthi- 
tic microcline are found in veins. Zircon, apatite, tourmaline and sphene, 
the latter secondary after biotite, occur in addition. There is textural eviden- 
ce of cataclasis by deformations in the larger feldspar. Quartz, on the con- 
trary, occurs mostly as granoblastic aggregates with mosaic texture which 
point out a recrystallization under static conditions. 


61 AP-17/27. - Blastomylonitic garnet-biotite aplite. Between Ab Zijan val- 
ley and Kotal-i-Kurang. 


The rock is medium fine-grained and whitish in colour except for sparse 
narrow and discontinuous strips made up of coloured minerals (garnet and 
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biotite). The colourless minerals are oligoclase (26-28% An) microcline mi- 
croperthite and quartz. Notwithstanding intense textural changes related to 
cataclastic metamorphism (straining and crushing of grains, accompanied by 
recrystallization of quartz and of some albite) some features of an aplitic 
texture are still preserved. 


y. DESCRIPTION OF THE SPECIMENS OF METAMORPHIC 
AND PLUTONIC ROCKS FROM WAKHAN (’). 


63 GB-4. - Fine-grained paragneiss. Qala Wust. 


The rock is characterized by a minute aggregate of granoblastic 
quartz and micas, passing gradually to augenized elements of small dimen- 
sions, quartz and feldspar. The texture is highly schistose, with fairly con- 
tinuous micaceous bands, and micaceous coatings throghout, especially 
around the individual augens. A rather dark biotite is predominant in small 
fragmentary flakes, and with abundant peripheral granulations, and also a 
certain quantity of fresh muscovite. The augens are mainly of plagioclase 
composition, occasionally with incipient saussuritic alterations, and often 
including particles of quartz. Sometimes they form small concretionary 
plates with microcline. The quartz augens are free from the blastic tex- 
ture which characterizes the surrounding aggregate. 


63 GE-6. - Orthogneiss. Downstream from Qala Wust, sequences E. 


A rock of aplitic composition which appears to be affected by extreme 
recrystallization of quartz, by a certain schistose orientation of the rare mi- 
caceous components, and by a considerable neo-growth of muscovite. In 
the framework of the aplitic texture, crystals of microcline can be seen, and 
highly interpenetrated crystals of plagioclase, intermingled with the abun- 
dant quartz, with a highly undulatory extinction in mosaic form, and in ex- 


(1) By F. Forcetta. The descriptions of the samples arc ranked in four classes, that is: sedimen- 
tary and light parametamorphic rocks, metamorphic rocks, plutonic rocks and volcanic rocks. 
Within the classes they are arranged in progressive order of the labels. 
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tended plates, according to the schistose orientation. In this framework, 
small diablastic micaceous groups are intermingled, and occasionally lines 
of tabular flakes of biotite and muscovite occur. Large tabular aggregates 
of muscovite, which have been affected by paracrystalline deformation are 
very fresh and well preserved, and are scattered in the granular matrix, oc- 
casionally enveloping the remains of quartz grains. Among the accessory 
minerals, a few tourmaline grains can be observed. 


63 GD-7. - Fine-grained paragneiss with pegmatitic injections. Babatangi 
valley: Sequence D, 160-185 m. 


The schistose portion is represented by a paragneiss with extremely 
smal]! and homogeneous grains; it is rich in quartz, in regularly iso-orienta- 
ted tabular lamellae of biotite, and has a small amount of oligoclase. In 
this groundmass, a few larger tabular flakes of muscovite are of late crystalli- 
zation, and they are generally arranged without reference to the schistose 
orientation, and are also clearly poikiloblastic. Through a sharp contact, 
the rock changes to pegmatite zones with medium to large grains, the zones 
being essentially quartz-plagioclase. They are characterized by marked pa- 
racrystalline deformations in the plagioclase and quartz, and also by a cer- 
tain arrangement of muscovite flakes in orientated bands. In general, recry- 
stallized quartz is found in these bands. 


63 GA-4. - Paragneiss with bands of quartz-plagioclase and biotite. Valley 
east of Khandut, sequence A, 190-192 m. 


The thickest bands are composed of blastic quartz with sutured aggre- 
gates having undulatory extinction; the quartz is associated with numerous 
rounded plagioclase crystals, surrounded by kaolin. Thin discontinuous 
clusters of biotite are inserted between the feldspars and the quartz. The 
biotite is almost completely chloritized with frayed margins. The same 
micaceous aggregates occasionally become thich and unbroken; the biotite 
is better preserved, and forms lepidoblastic bands up to 5 mm in thickness. 
In these bands, quartz and feldspar elements exist in smaller quantities, to- 
gether with a few crystals which have been completely transformed into 
sericite. In addition, a few grains of tourmaline can be seen, probably of 
detrital origin. 
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63 GE-3. - Micro-augen biotite gneiss. Downstream from Qala Wust, se- 
quence E. 


The rock is composed of a fine-grained grano-lepidoblastic aggregate of 
quartz, muscovite and biotite enclosing numerous feldspathic porphyro- 
blast. In the granopidoblastic groundmass, the micaceous aggregates out- 
line a close undulatory network, clearly moulded to the surface of the por- 
phyroblasts. The latter are made up almost completely of plagioclase and 
of a few crystals of orthoclase; they present rounded xenomorphic shapes, 
with a high degree of normal zoning, and good examples of twinning, main- 
ly according to the albite-pericline and albite-Carlsbad laws. 


63 GE-8. - Microgranular biotite paragneiss. Downstream from Qala Wust, 
sequence E. 


This rock has a fine-grained, granoblastic quartz-feldspar groundmass, 
with small orientated flakes of biotite. Quartz and feldspar are distributed 
homogeneously, with a slight prevalence of the first, the grains of which 
tend to be welded together along the plane of schistosity. The feldspars 
are represented by oligoclase. The biotite appears as isolated flakes of small 
dimensions, or as small orientated diablastic groups. Iron oxides, apatite and 
sphene can be observed as accessory minerals. 


63 GE-4. - Augen biotite gneiss. Downstream from Qala Wust, sequence E. 


This rock has a microgranoblastic groundmass of quarz-feldspar and 
biotite, which encloses large feldspathic porphyroblasts. In the matrix the- 
re are intermingled in almost equal amounts sodium plagioclases, potassic 
feldspars and quartz, often with myrmekitic and graphic concretions. Bio- 
tite forms thin diablastic bands, moulded to the surfaces of the porphyro- 
blasts. A certain quantity of muscovite is associated with the biotite, and 
also chlorite of late genesis. The porphyroblasts appear in heterogeneous 
shapes and sizes, and are composed mainly of microcline-perthite and sec- 
ondarily by plagioclase. The potassic feldspar is clearly post-plagioclase, 
which is reabsorbed and corroded. The potassic feldspar are surrounded 
by highly developed myrmekitic margins. Al] the porphyroblasts and espe- 
cially those of the largest size appear fractured and distorted, and are occa- 
sionally traversed by veins of quartz. 
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63 GD-13. - Migmatitic banded gneiss. Babatangi valley: sequence D, 275- 
425 m. 


The rock is characterized by bands of different composition, of which 
a few are of fine-grained quartz-plagioclase, others of aplitic type, besides 
large porphyroblasts of microcline. The fine-grained bands correspond to 
quartz-biotite paragneiss, with rare acid plagioclase, passing gradually to zo- 
nes of an heterogeneous texture, in which the micas are gathered in lepi- 
doblastic clusters, which are discontinuous and undulatory. Simultaneously, 
xenoblasts of microcline appear. The quartz is extensively recrystallized and 
forms in placed sutured plates of large dimensions, and also in bands which 
contain orientated micaceous traces. Other zones show a very fine-grained 
xenomorphic granular texture, and are composed mainly of individuals of mi- 
crocline in juxtaposition, with a few interstitial flakes of muscovite and bio- 
tite. In the same zones, a few large porphyroblasts of microcline appear, ob- 
viously formed by the recrystallization and growth of the pre-existing indivi- 
duals of the minute groundmass. They are accompanied by recently for- 
med muscovite in large flakes, with paracrystalline mechanical deformation. 


63 GN-1.- Microgranular metamorphic sandstone. Kazdan. 


The rock maintains the original fine-grained clastic texture, on which 
is superimposed a certain orientation of the micaceous components. The 
clastic elements are mainly angular grains of quartz, and to a lesser degree 
sodium plagioclase and potassic feldspars among which can be seen crystals 
of perthite and microcline. The matrix is represented by abundant biotite, 
in small fibrous aggregates, by tabular blocks of muscovite, and by strings of 
usually obscure chlorite. Associated with the micas, there are also micro- 
granoblastic forms of quartz, tending to increase along the planes of schisto- 
sity. Large detritals of iron oxides are numerous. 


63 GN-8.- Microgranular metamorphic sandstone. Kazdan. 


The rock is characterised by a fine-grained and very variable clastic tex- 
ture, with disorientated micaceous components. Among the clastic ele- 
ments, apart from the predominant quartz and feldspar, numerous frag- 
ments of quartzitic and graphitic phyllite can be observed. The matrix is 
almost completely composed of micaceous minerals, especially sericite and 
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chlorite. In addition, a few isolated flakes of biotite and fresh tabular fla- 
kes of muscovite, with paracrystalline deformation, can be seen. Small gran- 
ules of iron minerals are scattered throughout. 


63 GD-5.- Microgranular quartz-schist. Babatangi valley: sequence D, 80- 
100 m. 


The bulk of the rock is composed of a very fine-grained and homoge- 
neous granolepidoblastic matrix of quartz and biotite, with a markedly schis- 
tose texture. 

The rock has a thinly banded texture which is differentiated by a variable 
graphitic content. In addition, bands of coarser granoblastic quartz; bands, 
usually lenticular, composed of late stage diablastic intergrowths of musco- 
vite and compact aggregates of sericite are present. 


63 GD-9. - Microgranular biotite quartz-schist. Babatangi valley: sequence 
D, 160-185 m. 


The rock differs from GD-7 by the lack of poikiloblastic muscovite, and 
by a certain difference in the distribution of quartz and mica bands. 


63 GD-2. - Graphitic biotite phyllite. Babatangi valley: sequence D, 0-70 m. 


A very fine-grained rock, composed almost completely of granoblastic 
quartz, biotite, and abundant powdery graphitic material. The schistose 
orientation is marked also in the quartz, the granules of which are occasio- 
nally welded in bands or elements parallel with the planes of schistosity. 
The biotite is composed of thin flakes, in aggregates with a fibrous appear- 
ance. Iron oxides, granules of sphene, zircon and tourmaline can be ob- 
served as accessory minerals. 


63 GA-1.- Microgranular epimetamorphic sandstone. Valley east of Khan- 
dut: sequence A, 0-150 m. 


A fine-grained sandstone with sub-angular clastics, consisting almost en- 
tirely of quartz, with sericitic and carbonaceous cement. The granules are 
separated by a sericitic network, which is almost continuous, while the car- 
bonaceous material is concentrated in undulating and anastomosing bands. 
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In addition, a few calcitic nests and few small isolated flakes of muscovite 
can be observed. Grains of iron minerals are abundant. 


63 GC-4.- Granite. Babatangi valley: 1 st. camp. 


A rock with a rather coarse ipidiomorphic granular matrix, composed 
mainly of potassic feldspar, quartz and plagioclase, with a small amount of 
biotite and muscovite of late growth. The feldspar appears in much greater 
quantity than the plagioclase, and is composed of microcline, microcline- 
perthite and perthite, occasionally with reticular growths and in a « chess- 
board » pattern with quartz. The plagioclase, smaller in size and tending 
to be idiomorphic, is composed of oligoclase with an albitic margin. Bioti- 
te appears in rather fresh tabular bloks. The muscovite forms large poikilo- 
blasts, which grow at the contact, and also within the crystals of potassic 


feldspar. 


63 GC-l. - Leucogranodiorite. Babatangi valley: right-hand slope, 4000 
m a.s.l, 


The rock has a quartz-feldspar matrix, with lamellar groups of biotite, al- 
most completely chloritized. All the sialic components are large, with a 
clear tendency for the plagioclase to form idiomorphic macrocrystals which 
are enclosed in large plates of quartz with sutured margins. Smaller quan- 
tities of microcline and microcline-perthite are also clearly xenomorphic. 
All the constituents are affected by an intense cataclasis and a close network 
of fractures affects the whole rock. The feldspar, particularly along the 
fractures, shows abundant sericite, kaolinite and calcite alteration products. 
Occasionally the calcite is recrystallized in granoblastic veins, together with 
quartz. 


63 GE-7. - Aplitic granite. Downstream from Qala Wust, sequence E. 


The rock has a matrix of heterogeneous texture, composed almost enti- 
rely of quartz and feldspar crystals. Microgranular parts of aplitic appea- 
rance, composed mainly of microcline and concentrated in the interstices 
between the macrocrystals can be observed. The macrocrystals are xeno- 
morphic orthoclase, in part perthitic, microcline and quartz aggregates. 
The myrmekitic and graphic concretions of quartz and potassic feldspar are 
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well developed. The plagioclase is an oligoclase with albite twinning, and 
is present in small quantities as small isolated crystals, occasionally very cor- 
roded by potassic feldspar. Muscovite is present in broad tabular flakes 
which are very fresh, occasionally with curved cleavage planes and occasion- 
ally poikilitic. The flakes are isolated or arranged along the fracture lines, 
which are filled with granoblastic quartz. 


43 GD-4. - Migmatitic augen gneiss. Babatangi valley: sequence D, 72- 
80 m. 


The rock is composed of an aggregate of quartz, plagioclase with an 
aplitic texture and muscovite, which envelop large feldspathic augens, large 
plates of quartz and broad flakes of muscovite. The fine-grained xenomor- 
phic granular aggregate appears orientated in bands and lenses which have 
been displaced and invaded during the late growth of the porphyroblasts. 
The latter are composed mainly of microcline and to a Jesser degree of acid 
plagioclase. They appear to have crystallized at the same time as the 
broad flakes of muscovite, and both show paracrystalline deformation. In 
addition, a few large crystals of shattered garnet with an idiomorphic ap- 
pearance can be observed. 


43 GD-8. - Quartzite. Babatangi valley: sequence D, 160-185 m. 


The rock is composed entirely of large quartz plates with sutured con- 
tacts and occasionally with disturbed margins along which there is a filling 
of microgranular quartz and very small amounts of sericite and ferriferous 
granules. The whole rock appears fractured, and the quartz presents a hi- 
ghly undulatory extinction. 


63 GD-15.- Granodiorite. Babatangi valley: sequence D, 425-625 m. 


The rock shows abundant large crystals of oligoclase and xenomorphic 
plates of albite. Between these large crystals, there is a matrix of granole- 
pidoblastic quartz aggregates, muscovite and biotite, which is sometimes 
chloritized. They are rich in small granules of sphene, with a few rare 
prismatic crystals of apatite. The biotite present in these aggregates tends 
to form diablastic groups, while the size of the flakes increases notably. 
The crystals of microcline-perthite include very abundant corroded fragments 
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of quartz, plagioclase, muscovite and biotite. In them, a few plagioclase 
crystals maintain a prismatic appearance, and form myrmekitic aggregates 
at the contact. The albite plates appear to have intergrown with microcli- 
ne, which is coarsely mottled. The microcline passes gradually at the mar- 
gins into the microgranular microcline belonging to the plates with an aplitic 
texture. The plates of antiperthite appear to be covered by saussuritic al- 
teration products, mainly sericite, muscovite and zoisite. On the other 
hand, the large idiomorphic crystals of oligoclase appear rather transparent, 
with fine albite-Carlsbad and albite-pericline twinning. 


63 GD-16.- Quartz diorite. Babatangi valley: sequence D, 675-1025 m. 


This rock has a coarse, ipidiomorphic granular texture, and is made up 
of quartz, feldspars, biotite and a small percentage of alteration and acces- 
sory minerals. Among the sialic elements, quartz and plagioclase domina- 
te, and both are of greater dimensions than the microcline, which appears 
in isolated xenomorphic plates, and also in microgranular interstitial 
groups. The plagioclase tends to form idiomorphic prisms, is moderately zo- 
ned, and shows extended, and also complex twinning. Generally, it is ra- 
ther fresh and presents small saussuritic nests, and also small sericitic flakes, 
enclosed along some cleavage planes. The biotite appears in moderate 
quantity as groups of random interlacing flakes, which occasionally have 
poorly developed basal cleavage. Small granules of sphene and rutile are 
present as accessory minerals. 


63 GD-17. - Granodiorite. Babatangi valley: sequence D, 1025-1625 m. 


Very large prismatic crystals of microcline are enclosed in a coarse-grain- 
ed matrix of quartz, plagioclase and micas. The idiomorphic plagioclase 
is oligoclase, is zoned and is often full of small flakes of muscovite. In ad- 
dition, biotite appears abundantly in large tabular flakes, and form host to 
numerous crystals of zircon and apatite. Finally, late stage muscovite oc- 
curs, in abundant large flakes which are mainly isolated poikilitic or with 
crenellate outlines. The muscovite, together with granoblastic quartz, ap- 
pears also along veins which carry in particular large feldspathic crystals. 
The latter, sometimes twinned according to the Carlsbad law, appear full 
of plagioclase crystals with aplitic reaction margins, flaky granules and 
stringers of quartz and isolated micaceous flakes. 
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63 GD-19. - Granodiorite. Babatangi valley: sequence D, 1625-1900 m. 


The rock appears similar in texture to the preceding (GD-17) with 
sligth differences in composition, degree of fracturing and distribution of 
limonitic alteration products. The large crystals are perthite, and are poi- 
kilitic and twinned according to the Carlsbad law. Only rare muscovite 
occurs. 


63 GB-3. - Blastomylonitic granitoid gneiss. Khandut. 


Large feldspathic crystalloclasts are enclosed in a schistose matrix of 
biotite, muscovite and microgranoblastic quartz. The rock shows mylonite 
surfaces and successive fracturing, corresponding to the schistose bands in 
which closely packed and discoloured biotite appears. The muscovite, al- 
though fresher, shows marked contortions. The feldspathic crystalloclasts 
appear highly laminated and rounded on contact with the micaceous quartz 
clusters. They are sometimes cut by clear fractures, but retain straight ex- 
tinction. Orthoclase and microcline are the most abundant, and oligoclase 
crystals occur in a smaller number. 


63 GE-2. - Blastomylonitic granitoid gneiss. Downstream from Qala Wust, 
sequence E. 


The rock shows a marked orientated texture, due to quartz bands, mi- 
caceous bands mixed with alteration products and feldspathic crystallo- 
clasts, which also tend to group together in concordant lenses. The most 
abundant and homogeneous mass is microgranoblastic quartz, with ele- 
ments clearly originating from mylonitization of pre-existing crystals. These 
are often elongated and joined in the form of clusters which follow the 
margins of the crystalloclasts. The micaceous bands are very fresh, and 
also include large flakes of muscovite which are strongly twisted and occa- 
sionally shattered and displaced. The micas are mainly enveloped in seri- 
citic alteration aggregates. In addition, rare isolated biotite flakes can be 
seen. Among the crystalloclasts unequal quantity of oligoclase and ortho- 
clase can be observed. These have been affected by intense fracturing 
which can sometimes be seen in the plagioclase as simple bending, while 
in the potassic feldspar, it always appears as fine fracturing, up to com- 
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plete shattering of the crystals. In the largest crystalloclasts of orthoclase, 
poikilitic inclusions of plagioclase are often present. 


63 GD-3. - Cataclastic-mylonitic quartz. Babatangi valley: sequence D, 
70-72 m. 


The rock is composed exclusively of highly cataclastic to mylonitic 
quartz. Large crystals occur, which have been affected by strong fracturing 
and cemented by a matrix which consists of finely crystalline quartz. The 
crystalloclasts often appear displaced along the ultramylonite bands, in 
which case they assume a flow texture. 


63 GD-12. - Leucogranite. Babatangi valley: sequence D, 275-425 m. 


The rock is characterised by a mainly sialic matrix and hypidiomorphic 
granular texture. A very small aggregate of aplitic appearance was obser- 
ved; composed of microcline and quartz, amongst which large, sub-roun- 
ded crystals of albite occur, together with clearly xenomorphic crystals of 
microcline. The albite is full of inclusions of muscovite, zoisite and quartz; 
its twinning lamellae often appear curved. Quartz also appears as isolated 
crystals of larger size and fractured appearance, occasionally in elongate 
stringers; in this case, it always shows undulatory extinction. The muscovi- 
te passes from pellet-like aggregates of small frayed flakes to diablastic 
groups ranging up to fresh isolated flakes of large dimensions. Microgra- 
nular nests of iron oxides are very rare. 


63 GD-14. - Garnetiferous migmatitic gneiss. Babatangi valley: sequence 
D, 275-425 m. 


The rock is poorly schistose, and has a poorly developed granolepido- 
blastic texture. It is very sialic in composition, being almost entirely 
quartz-feldspathic, with a small amounto f mica, mainly muscovite. Parts of 
the rock are composed of minute grains forming an aplitic and micropegma- 
titic texture. These are the result of closely interpenetrated quartz and 
microcline, which have been oriented parallel to the lamellar bands. The 
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matrix is interrupted by the appearance of metablasts of microcline of lar- 
ger size, which substitute the first segregation of microgranular microcline 
without disturbing the quartz granules which occur in it. In addition, au- 
gen of albite appear; these are very fresh and full of orientated inclusions, 
especially muscovite. They are generally grouped in zones independent of 
the microcline. The relationships between the two types of feldspathic me- 
tablasts are not clear. The quartz, especially in the bands which are rich 
in metablasts, forms large plates and bands with undulatory extinction. The 
micaceous bands are thin, but persistent, and are accompanied by crystals of 
gamet and epidote. 


63 GE-11l. - Cataclastic quartz diorite. Between Ishmara and Abgash, se- 
quence E. 


This rock is medium-grained with a massive texture. The main consti- 
tuents are a plaglioclase, zoned oligoclase, which has conspicuous polysynthe- 
tic and complex twinning, quartz and biotite. The accessory minerals include 
microcline and hornblende. Strong fracturing, accompanied by signif- 
icant mineralogical changes, affects the rock. The plagioclases are surroun- 
ded by kaolinitic products, are fractured and occasionally have decidedly cur- 
ved lamellar twinning. Biotite is almost completely chloritized, as is also 
much of the hornblende. Nests, veins and grids of calcite are spread exten- 
sively both within and on the margins of the minerals described. Quartz 
has a marked undulatory extinction. I}menitic skeletons and prisms of apa- 
tite and rutile are present as accessory minerals. 


63 GC-3. - Leucoquartzmonzonitic aplite. Babatangi valley: right-hand 
slope, 4000 m a.s.l. 


The rock is composed of a quartz-feldspar matrix with a xenomorphic, 
very fine-grained, granular homogeneous texture. The micaceous elements 
are reduced to a few small isolated flakes of muscovite and more or less 
chloritized biotite. The sialic constituents are represented in almost equal 
quantities by quartz, microcline and oligoclase, the latter being often sur- 
rounded by an albite margin. These constituents are distributed in a par- 
ticularly regular and uniform manner, without reciprocal intergrowths or in- 
terpenetrations, and simulate a mosaic texture in some parts. 
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63 GE-1. - Blastomylonitic muscovite orthogneiss. Downstream from Qala 
Wust. Sequence E. 


The rock is characterised by a very marked granolepidoclastic texture, 
and by an augen-schistose texture which is also marked. Feldspathic 
crystals are abundant and are highly curved, shattered and separate. They 
have acquired augenized and lenticular margins, in perfect concordance 
with the orientation of the quartz-mica bands. Single large crystals occur, 
or groups of compressed crystals in justaposition, similar to the fragments of 
a breccia. The fractures in the crystals and the intercrystalline spaces are 
often filled with calcite. The feldspars are mainly oligoclase and microcli- 
ne. Numerous large isolated flakes of muscovite are affected in the same 
way. The matrix enclosing the large crystals is made up of micaceous-quartz 
bands closely alternating and regularly iso-oriented. In these bands, the 
quartz has an extremely fine-grained granoblastic texture, imposed on a 
highly mylonitized mass, and the mica it closely mingled with it, in the 
form of thin nematoblastic aggregates of sericite. A few bands are rich in 
iron oxides. 


63 GA-10. - Plagiotrachyte. Valley east of Khandut: sequences A, 470- 
475 m. 


This rock has a porphyritic holocrystalline texture of sialic composition, 
with a breccia-type texture. The groundmass is made up mainly of a pla- 
gioclase aggregate, with minute granophyric zones and zones with slightly 
larger grains, having an intersertal texture. Minute flakes of sericite and cal- 
cite grains are scattered irregularly among the plagioclases. Occasionally 
the calcite forms large spathic crystals, in which case it is preferably associa- 
ted with mosaic quartz nests or veins. Highly limonitized iron oxides are 
generally associated with the calcite. The phenocrystals are oligoclase, and 
show no difference in composition when compared with those in the matrix. 
Either perfectly idiomorphic isolated grains or groups of irregular grains are 
found bound together by sericitic aggregates. Some small sericitic flakes 
are found inside the same phenocrystals throughout the rock. 

63 GA-6. - Plagiotrachyte. Valley east of Khandut: sequence A, 215- 


220 m. 


The rock is composed of a feldspathic aggregate, with an intersertal 
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texture, mixed with abundant calcite, either microgranular or spathic, and 
with nests of granoblastic quartz. The feldspar is represented by small idio- 
morphic colum-shaped prisms of oligoclase, highly zoned and ranging up to 
an albitic composition. Xenomorphic albite nests are also found isolated in 
the grids of the intersertal aggregate. Calcite occurs persistently and homo- 
geneously in the intercrystalline spaces between the feldspars. Quartz has 
a more fragmented distribution. 


63 GE-10. - Biotitic blastomylonitic orthogneiss. Downstream from Qala 
Wust, sequence E. 


A fine-grained granolepidoblastic texture can be clearly observed in this 
rock, enclosing numerous feldspathic crystalloclasts. The cement is compo- 
sed mainly of lamellar aggregates and pellets of biotite, scattered with small 
grains of sphene. The biotite is finely lamellar, ranging to fibrous, and oc- 
curs locally as large isolated flakes, bordered by grains of sphene. Microgra- 
noblastic quartz lenses are associated with the biotite. The arrangement of 
these granolepidoblastic bands is clearly iso-oriented with close undulations 
around the crystalloclasts. In addition, micaceous bands can be seen, oc- 
curring along the fractures, oblique to the schistose orientation, in which 
mainly chloritized biotite appears. Many of these fractures cross and displace 
the crystalloclasts. The latter are composed of basic oligoclase crystals, 
which are generally shattered or have curved lamellar twinning and _sub- 
rounded margins. Despite the fracturing, the alteration phenomena of the 
feldspars are limited. 


63 GD-18. - Diorite. Babatangi valley: sequence D, 1025-1625 m. 


This is a massive medium-grained rock with a hypidiomorphic texture. 
The most notable feature is the abundance and idiomorphic prismatic ap- 
pearance of a slightly pleochroic amphibole, light green and light brown in 
colour, occasionally completely chloritized and generally darkened by in- 
terlamellar segregations of uncertain nature. The optic characters indica- 
te a hornblende. The sialic part is seen as a very compact plagioclase net, 
in which the single crystals occasionally have an elongated poor prisma- 
tic form, but has indefinite margins because of reciprocal interference. The 
plagioclase is oligoclase. There is no zoning, but the twinning is well deve- 
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loped, and is almost entirely in the albite or albite-Carlsbad laws. Parts of 
the plagioclase crystals are replaced by segregations of sericite, muscovite, 
quartz, epidotes and calcite, as a results of rather advanced saussuritization. 


63 GD-6. - Fine-grained quartz schist. Babatangi valley: sequence D, 100- 
160 m. 


An extremely homogeneous and fine-grained groundmass of quartz and 
micas can be seen, together with very fine grains, probably of a graphitic 
nature. The quartz has a granoblastic texture, while traces of the original 
clastic nature of the rock remain clear. Biotite occurs as small tabular fla- 
kes which are mainly isolated, but extremely iso-oriented, and only rarely 
present as little clusters. The homogenity of the rock is due to some zones 
of recrystallized quartz in larger elements. These zones are accompanied 
by the growth of poikiloblastic, tabular muscovite, not oriented parallel to 
the planes of schistosity. 
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Formation 
BDf£ 
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Gf 
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Qara Bulaq Sand- 
stone 


Pa-in-Shahr For- 
mation 
Ps 


Wuran Shar Li- 
mestone (djl) 


Shingan Conglo- 
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popcknan shales 
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(fossiliferous 
beds) 
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LITHOLOGY 





gravel, sometimes sligh- 
tly cemented, someti- 
mes with graded bed- 
ding 


marl, sand, sandstone 
and conglomerate 


conglomerate, sandsto- 
ne, sand 


boulder conglomerate 
cemented by arcosic 
sand 


marl and well - bedded 
limestone 


well-bedded limestone, 
coquina and quartz- 
iferous limestone, red- 
dish marl 


sandstone, marl, gyp- 
sum and limestone 


quartzose and quartzo- 
se- feldspathic sandsto- 
ne 


well-bedded limestone 


PALAEONTOLOGY 





rare Ostracods 


Ostrea (Turkostrea) afghanica 
ViaLov, Ostrea (Turkostrea) ct 
zancourti Cox, Fatina (Fatina) 
boehmi boehmi (VIALov) 


Fatina (Sokolovia) esterhazyi e 
sterhazyi (PAvay, p. VIALOV), Exo- 
gyra overwegi VON Bucu, Recti- 
thyris subdepressa (STOLICZKA), 
Amphidonte decussata (GOLD 
FUSS), Ceratostreon spinosum 
(MAaTHERON), Trochactoeon ma- 
tensis (FITTIPALDI), Thomasites 
sp. ind., Icthyosarcolites triangu- 
laris DesMarest, Trigonarca di- 
ceras (SEGUENZA), Haustator mul- 
tiplicatus PcELINCEV, Sauvagesia 
sanfilippoi PARONA 

Orbitocyclina minima (DovvILLe), 
Orbitoides media (p’ARCHIAC) 
Siderolites calcitrapoides LAMK,, 
Cuneolinae, Dicyclinae, Haplo- 
phragmoides cf. greigi (HENSON), 
Hedbergellae 


probable articles of Saccocoma, 
rare Miliolidae 


conglomerate, granular|rare plant remains 


conglomeratic, coarse 
sandstone, uartzose 
sandstone and arena- 
ceous shale 

crystalline limestone, 
with sum nests, 


marly, limonitic and 
dolomitic limestone, cel- 
lular dolomite, sandsto- 
ne, conglomerate and 
breccia 


microcrystalline lime- 
stone, oolitic limestone, 
dolomite 


conglomerate and 
quartzose sandstone 


shale, quartzose sand- 
stone; quartzose feld- 
spathic sandstone and 
conglomerate at the 
base 


criptocrystalline _lime- 
stone with calcite veins 


dark slate with crystal- 
line limestone; quartzo- 
se sandstone and quart- 
zose conglomerate (epi- 
metamorphic) 


Ctenostrem proboscideum So- 
werBy, Pholadomya canaliculata 
ROEMER 


rare plant remains 


Pterophyllum filicoides (SCHLO- 
TH.), THOMAS, Pterophyllum ka- 
lawchiense BaRNarD, Otozamites 
ashtarensis BARNARD, Taeniopte- 
ris pseudobrevis BARNARD 


Fasciculophyllum multiseptatum 
von ScHoupré, Caninophyllum 
tomiense (TOMALCHEV), Zaphren- 
tites sp. ind., Cyrtospirifer ver- 
neuili (MURCHISON), Cyrtiopsis 
davidsoni barrauxensis GRABAU 


STRATIGRAPHIC 
RELATIONSHIP 


unconformable on units 
of different ages 


DEPOSITIONAL 
ENVIRONMENT 


continental: 
terrestrial 


conformable on (andjcontinental: 


interdigitates with) Tah 
Jari member 


strongly unconforma- 
ble on an intensely ero- 
ded surface cut across 
pre-Triassic to LEoce- 
ne rocks; interdigitates 
with Ganda Qol mem- 
ber 


strongly unconforma- 
ble on _ pre- Triassic 
rocks; interdigitates 

with Tah Jari member 


(not visible) 


unconformable on Ga- 
zestan Formation and 
Mohammad Aba Sand- 
stone. 


conformable on Qara 
Bulaq Sandstone; inter- 
digitates with Moham- 
mad Aba Sandstone; 


unconformably _ over- 
in by Baba Darwes 
Formation 


conformable on Ma- 
shad Linsestone and 
Qara Bulag Sandstone; 
interdigitates with Ga- 
zestan Formation; o- 
verlair by unconforma- 
ble Baba Darwes For- 
mation 


conformable on Qara 
Bulaq Sandstone; late- 
rally granding to the 
Gazestan Formation; o- 
verlain by conformable 
Mohammad Aba Sand- 
stone 


conformable on Shin- 
an Conglomerate, and 
jaterally proaing to it; 
conformably _ overlain 
by Mashad Limestone 
and Gazestan Forma- 
tion 


eee unconforma- 
le on lawch Lime- 
stone; overlain by con- 
formable Furmoragh 
shales 


conformable on Furmo- 
ragh shales; eroded at 
the top. 


unconformable on pre- 
Triassic slates and i- 
gneous bodies 


conformable on Pa-in- 
shahr Formation; over- 
lain by conformable 
Wurn Shahr Limestone 


probably unconforma- 
ble on Kaferan marbles 
and Sur Khan dolomi- 
te; probably overlain 
by _unconformable Pa- 
in-Shahr Formation 


unconformable on the 
plutonic bodies; over- 
lain by unconformable 
Shingan Conglomerate 
and Qara Bulaq Sand- 
stone 


terrestrial and 
lacustrine 


continental 


continental 


marine: pela- 


gic 


sublittoral and 
or littoral ma- 
rine; pelagic 
at the base 


shallow mari- 
ne to lagoonal 


epicontinental 


epicontinental 


continental 


lagoonal 


marine: neri- 


tic 


deltaic 


continental 


marine 


continental; 


PHYSIOGRAPHIC 
EXPRESSION 


gently sloping 
plains 


undulating hills 
crossed by ravi- 
nes 


undulating hills 
crossed by ravi- 
nes 


undulating hills 
crossed by ravi- 
nes 


poorly resistant; 
weakly inclined 
slopes and isola- 
ted ridge 


resistant or mo- 
deratley resistant: 
rugged topogra- 
phy with steep 
slopes 


poorly resistant; 
weakly inclined 
slopes and isola- 
ted hills 


poorly resistant; 
entle slopes and 
ills 


resistant; abrupt 
cliffs 


moderately resi- 
stant; gentle slo- 
pes and isolated 
hills 


resistant or mo- 
derately resistant, 
rugged topogra- 
phy with steep 
slopes and small 
scarps 


resistant; steep 
slopes, prominent 
ridges and abrupt 
walls 


resistant; steep 
slopes 


moderately _resi- 
stant; weakly in- 
clined slopes 


resistant; steep 
slopes, prominent 
pictes and abrupt 
walls 


moderatly _ resi- 


shallow mari-|stant weakly in- 


ne 
morphic) 


(epimeta-| clined slopes 


TOPOGRAPHIC DISTRIBUTION 


large outcrops in the region 
between Saad te and the 
course of the Talugan river 


large outcrops along the Kok- 
cha valley, downstream from 
Artin Jelaw 


large outcrops in the Kokcha 
valley, (downstream from Qa- 
ra Kamar), and in the Haza- 
ra, Teshkan, Mashad and 
Shor valleys 


onl 
Wa 


in the Hazara, Teshkan, 
shi and Mashad valleys 


only north of Kalafghan 


between the Mashad valley 
and the Taluqan river 


continuous horizon from A- 
stana Tepa to the course of 
the Talugan river 


large outcrop between Ki- 
shem and Kalafghan 


continuous horizon from Ki- 
shem to Qara Bulaq 


between the Mashad and Far- 
khar valleys 


only east of Faydzabad: small 
belts near Pa-in-Shahr and in 
Syah Jar valley; small out- 
crops near Furmoragh and in 
Shiwa valley 


only east of Faydzabad: nar- 
row elongated belt from Koh- 
i-Sur Khan to Syah Jar valley 


small outcrops near Astana 
Tepa, Gazestan, and Shingan 


only east of Faydzabad: lar- 
ge ouctrops in the region bet- 
ween Wular, Jurm, Baharak 
and Shiwa valley 


only in the region east of 
Faydzabad: narrow elongated 


belt from Koh-i-Sur Khan to] za) 


Wuran Shahr pass 


only, in the region west of 
Faydzabad: large outcrops in 
the Farkhar, Mashad and up- 
per Mazara valleys, and in 
the Kokcha valley near Qara 
Kamar 


REMARKS 





present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west 
Faydzabad 


present only in tl 
region south-west | 
Faydzabad 


present only in tl 
region south-west 
Faydzabad 


present only in tl 
region east of Fay 
zabad 


present only in tl 
pepion east of Fay 
zabad 


present only in t 
region south-west 
Faydzabad 


present only in tl 
region east of Fay 
zabad 


present only in t 
re; jon east of Fay 
a 


present only in t 
ion east of Fay 


re 
zabad 
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Fig. 42a - Tectonic sections through Central Badakhshan. 
(Desio, Martina & Pasquaré). 
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Fig. 42b - Tectonic sections through Central Badakhshan, 
(Desio, Martina & Pasquaré). 


N 





+ 
+ 





yeyoy eyay 


Janay Joys 


NOILIS = ANN 


02 





1eyeqg 


77081 


NOILIaS 


6L 


seo] “0 
==} 005 


o00L 


00st 





0002 


JOAry By dyOW 


ueGyeyey 


NOILIIS = MNN 


=e 
a 
s 
Ss 


000z 





egy pewweyoy, 


dzu2 


NOIULIGS = «MN 


at 


00st 





Joaly eyayoy 


qeusy) qv 


St NOILIIS = MNM 


8 


0002 






sOALy eYD¥oy 


JOYY 4S0g 





100 
120 
121 
123 
124 
127 
131 
131 
131 
132 
134 
150 
167 
193 
197 
212 
216 
224 
224 
287 
287 
298 
382 
416 


caption of Fig. 23 
20/21 
30 


7 (of the caption) 
7 
2 (of the caption) 
16 
caption of Fig. 39 
fig. 51 


last line 


ERRATA CORRIGE 


Errata 


Pholadomia 
Maskad 
MURCHINSON 
Sar-i-Houwidz 
Kho-i-Shagarak 
Shingam 
Darrah-i-Shab Baba 
reddis 
Cungha-i-Ulya 
Ambar Formation 
kaulanum 
khadaguensis 
Lutetian-Priabonian 
kauleanum 

Otsrea 
Kakanostrea kakanense 
cauleanum 
kauleanum 
Summsar 

Abtal granite 
Moshad 

Tertialri 

pluton 

Sela-i-Kadan 
Aphibolite 
Calphyre 

granodio 

Deh Gal 

Babatangi Granite 
1. loes 

Plate Tectonic Elsevier 


Corrige 


Pholadomya 

Mashad 

MURCHISON 
Sar-i-Hawdz 
Koh-i-Shagarak 
Shingan 

Darrah-i-Shah Baba 
reddish 

Cugha-i-Ulya 

Ambar Koh Formation 
kanlanum 
khaudaguensis 
Lutetian (Priabonian) 
kanleanum 

Ostrea 

Kokanostrea kokanense 
kanleanum 

kanleanum 

Sumssar 

Abdal granodiorite 
Mashad 

Tertiary 

plutons 

Sela-i-Kalan 
Amphibolite 
Calcphyre 
granodiorite 

Deh Gol 

Babatangi Granodiorite 
1. loess 

Plate Tectonics, Elsevier 


Stampato nella 
Tipografia Editoriale - Milano 
pograf 2BRS BS 
— Luglidy 1975 \"2 





